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(54) Optical transmission system and optical communications device 



(57) An optical transmission unit is comprised of an 
optical power control unit (14) to adjust the optical 
power, an optical detection unit to detect the power of 
the optical signal from a transmission medium (5), an 
optical control-information generating unit (17) to gener- 
ate information relating to the size of the detected opti- 
cal power monitor value, an optical control-information 
introduction unit to input the generated information into 



the transmission medium as optical control information, 
an optical control-information input detection unit to 
detect optical control information from the transmission 
medium (5), and a control unit (20) to regulate the 
detected information so the optical power from the opti- 
cal power adjustment device is within a specified value. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001 ] This invention relates to an optical communica- 
tions system comprising an end terminal unit, a plurality 
of optical communications devices such as an optical 
amplifier units, and an optical transmission media such 
as optical fibers connected to the optical communica- 
tions devices used in an optical communications system 
and long-distance optical transmission system. 
[0002] Along with demands for optical communica- 
tions systems of low cost, optical transmission fre- 
quency multiplexing systems are being studied for 
transmission of two or more multiplexed optical signals 
of different wavelengths on one optical fiber. The optical 
amplifier is well suited for use as an amplifier in multi- 
plexed optical transmissions on account of the capabil- 
ity to amplify signal with low noise and having a wide 
available bandwidth for amplification. 
[0003] In the rare-earth doped optical fibers and sem- 
iconductor amplifier comprising the optical amplifier, the 
gain is dependent on wavelength so that after amplifica- 
tion, a deviation appears in the optical output or gain 
between each wavelength. The deviation between 
wavelengths in particular, is summed in the multiple 
stages of the optical amplifier, so that a large deviation 
in optical power occurs after transmission. As a result, 
after transmission, the wavelength signal of the lowest 
power from among the multiplexed wavelengths must 
be considered as the receive power lower limit value. In 
other words, the maximum distance of a relayed trans- 
mission is limited by the wavelength signal having the 
lowest power. 

[0004] Accordingly, when inputting multiplex signal 
into end terminal units or optical relay amplifier units, it 
is important that an optical transmission system be pro- 
vided having no gain deviation due to the wavelength so 
that the maximum relay transmission distance can be 
expanded. 

[0005] Technology relating to the above is known as 
the "Society of Electronic Information Communication 
Signal Transmission Technique" OCS94-72, OPE94-95 
(1994-11) in "10Gbit/s, 4 ch. 200km,16 ch. 150 km, 
1 .3um zero dispersion fiber relay transmission test" in 
the method shown in Fig. 1 . In the figure, the reference 
numeral 82 denotes a distributed feedback laser diode 
(DFB-LD) used as the light source. The polarization of 
the light from each DFB-LD is fixed by a polarization 
controller 83. 

[0006] The deviation in frequency gain on the receive 
side can be compensated by setting the optical power of 
this DFB-LD. In other words, in order to simplify pre- 
emphasis, the four light sources on both sides (ch.1 
through ch.4, and ch.13 through ch.16) are merged by 
means of a 4X1 coupler 84, and the eight light sources 



in the center (ch.5 through ch.12) are merged by using 
an 8X1 coupler 85 having greater loss. The signals from 
these 16 diodes merged using a 3X1 coupler 86 and 
then strongly modulated for 10 Gbit/s NRZ (2 23 -1) by 
5 means of an LN(LiNb0 3 ) modulator 87. The optical sig- 
nal is amplified to +21dBM (total optical output) by a 
high output optical post amplifier 88 utilizing four 
1 .48um laser diodes and the result input to a single 
mode fiber 89. 

10 [0007] After amplification with a 0.98um common opti- 
cal pre-amp 90 on the receive side, batch dispersion 
compensation of the 16 signals is performed by means 
of a dispersion compensation fiber (DCF) 91 . After split- 
ting the signals with a 1X16 splitter 92, the output is 

is passed through a 0.8nm and 0.3nm interference filter 
93 of three decibels in width to eliminate ASE noise and 
frequency selection then performed. The optical ampli- 
fier 95 is inserted between two types of optical filter for 
the purpose of compensating the gain tilt in the optical 

20 amplifier 90 and maintaining the input power to the O/E 
converter 94 at a constant level. 
[0008] Figure 2 shows an optical spectrum of the 1 6 
WDM signal obtained with the system configuration of 
Fig. 1 . Figure 2(a) is the optical spectrum prior to input 

25 to the postamplrfier 88, on which the approximately 
10dB difference in maximum levels is due to the appli- 
cation of pre-emphasis. In Fig. 2(b), the optical spec- 
trum after passing the signal through DCF91 is shown. 
A 13dB difference in level occurs due to the gain tilt in 

30 the optical amplifier 90. However, due to the effect of 
pre-emphasis, the ratio of signal to ASE noise is nearly 
the same value for each channel. 
[0009] As related above, the optical loss at each wave- 
length during transmission varies due to the difference 

35 in fiber loss over the relay space and the difference in 
optical power between adjacent wavelengths, etc. In 
fact, the fiber loss over the relay space and the space 
within the fiber is not always a fixed amount during 
actual use so that the estimating the total optical signal 

40 power after transmission, and the deviation between 
wavelengths and optical power of each wavelength is 
difficult. The total optical signal power, and the deviation 
between wavelengths and optical power of each wave- 
length fluctuate due to temperature variations and dete- 

45 rioration over time. Further, non-uniformities in the 
equipment comprising the different optical systems will 
cause differences in test equipment reading to occur 
when measuring total optical signal power, deviation 
between wavelengths and optical power of each wave- 

50 length and the system transmission functions may eas- 
ily be lost due to changes in transmission conditions of 
the optical transmission system. 

SUMMARY OF THE INVENTION 

55 

[001 0] In order to achieve a practical optical transmis- 
sion system, an optical transmission system is required 
in which the optical output or the gain, or both are easily 
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controllable and not dependent on total signal optical 
power, or deviation between wavelengths and optical 
power of each wavelength after transmission. 
[001 1 ] In view of the above problems, it is therefore an 
object of this invention to provide an optical transmis- s 
sion system of high reliability that is both practical and 
operates stably as a frequency multiplexing optical 
transmission system by providing an automatically con- 
trolled optical communications device whose total pre- 
established optical signal power, deviation between jo 
wavelengths and optical power at each wavelength can 
be controlled as needed after transmission. 
[0012] In order to resolve the above mentioned prob- 
lems, one basic feature of this invention in an optical 
transmission system configured to connect optical com- is 
munications devices by means of an optical transmis- 
sion medium, wherein the optical transmission system 
is comprised of: a device to detect the status of the opti- 
cal signal within the optical transmission system, a 
device to allot the optical control information equivalent 20 
to the detected status, a detection device to detect the 
allotted optical control information, and a device to con- 
trol the optical signal according to the detected optical 
control information. 

[0013] Also, in order to resolve the above mentioned 25 
problems, this invention is also characterized by an opti- 
cal communications device such as an optical amplifier 
relay unit, that is, an optical line amplifier unit, or an end 
terminal unit connected to an optical transmission 
medium, wherein the optical transmission system is 30 
comprised of: an optical power adjustment device for 
adjusting the optical power, a transmission medium for 
transmitting the adjusted optical signal, an optical input 
detection unit for detecting the power of the optical sig- 
nal from the transmission medium, an optical control- 35 
information generating unit for generating information 
involving the size of the detected optical power monitor 
value, an optical control-information input introduction 
unit for introducing the generated information to the 
transmission medium as optical control information, an 40 
optical control-information input detection unit for 
detecting optical control information from the transmis- 
sion medium, and a control unit for controlling the 
adjusted optical power of the optical power control, unit 
within a specified value by means of the detected infer- 45 
mation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] so 

Figure 1 is a structural block diagram of the wave- 
length multiplexed transmission system of the 
related art. 

Figure 2 is drawings showing the light spectrum of ss 
the wavelength multiplexed transmission system of 
the related art. 

Figure 3 is a basic functional block diagram of the 
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bidirectional transmission system of this invention. 
Figure 4 is a block diagram showing specific func- 
tions relating to the end terminal unit and the optical 
amplifier relay unit for the configuration shown in 
Fig. 3. 

Figure 5 is a structural block diagram showing 
another embodiment of the end terminal unit and 
the optical amplifier relay unit. 
Figure 6 is a structural block diagram showing still 
another embodiment of the end terminal unit and 
the optical amplifier relay unit. 
Figure 7 is a structural block diagram showing yet 
still another embodiment of the end terminal unit 
and the optical amplifier relay unit. 
Figure 8 is a structural block diagram showing an 
example of information transmission within the opti- 
cal relay amplifier units enclosing the transmission 
medium. 

Figure 9 is a structural block diagram showing an 
example of information transmission within the opti- 
cal relay amplifier units enclosing the transmission 
medium for the configuration of Fig. 5. 
Figure 10 is a structural block diagram showing an 
example of information transmission within the opti- 
cal relay amplifier units enclosing the transmission 
medium for the configuration of Fig. 7. 
Figure 1 1 is a structural block diagram showing the 
optical control-information introduction unit and the 
optical power control unit integrated as one unit 
within the end terminal unit or the optical amplifier 
relay unit. 

Figure 12 is a structural block diagram showing the 
end terminal unit among the other specific embodi- 
ments of Fig. 3. 

Figure 13 is a structural block diagram showing the 
optical amplifier relay unit among the other specific 
embodiments of Fig. 3. 

Figure 14 is a structural block diagram showing the 
end terminal unit among the other specific embodi- 
ments of Fig. 3. 

Figure 15 is a structural block diagram showing the 
optical amplifier relay unit among the other specific 
embodiments of Fig. 3. 

Figure 16 is a structural block diagram showing an 
embodiment of the end terminal unit adopted from 
Fig. 12, Fig. 13 and Fig. 6. 

Figure 1 7 is a structural block diagram showing an 
embodiment of the end terminal unit adopted from 
Fig. 12, Fig. 13 and Fig. 7. 

Figure 1 8 is a structural block diagram showing an 
embodiment of the optical amplifier relay unit 
adopted from Fig. 12, Fig. 13 and Fig. 7. 
Figure 19 is a structural block diagram showing an 
embodiment of the optical input detection unit and 
the optical control-information input detection unit 
adopted from Fig. 12 through Fig. 18. 
Figure 20 is a structural block diagram illustrating in 
detail the optical control information allocation func- 
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tion for the configuration shown in Fig. 12 through 
Fig. 19. 

Figure 21 is a structural block diagram showing the 
first countermeasure when the optical control infor- 
mation has been cut off due to some cause. s 
Figure 22 is a structural block diagram showing the 
second countermeasure when the optical control 
information has been cut off due to some cause. 
Figure 23 is a structural block diagram showing a 
specific embodiment of the optical coupler and the w 
optical power control unit. 

Figure 24 is a structural block diagram describing in 

detail the optical coupling step. 

Figure 25 is a structural block diagram describing in 

detail the optical variable gain adjuster. is 

Figure 26 is a structural block diagram showing 

another adaptation of this invention. 

Figure 27 is a structural block diagram showing a 

specific embodiment of the end terminal unit. 

Figure 28 is a structural block diagram showing a 20 

specific example of an embodiment of the optical 

amplifier relay unit. 

Figure 29 is a structural block diagram showing a 
specific example of another embodiment of the 
optical amplifier relay unit. 2s 
Figure 30 is a structural block diagram showing in 
detail, the functions of the optical control -informa- 
tion input detection unit, the optical control -informa- 
tion generating unit, the optical power control unit, 
as well as the optical control -information introduc- 30 
tion unit in the end terminal unit. 
Figure 31 is a structural block diagram showing in 
detail the optical control-information input detection 
unit in the end terminal unit. 

Figure 32 is block diagrams showing the flow of 35 
optical signals and optical control information and 
the flow of optical signal groups and optical control 
information groups. 

Figure 33 is a drawing showing in detail a grouping 
method for controlling the wavelength gain devia- 40 
tion characteristic in erbium doped optical fibers. 
Figure 34 is drawing showing in detail a grouping 
method for controlling the wavelength gain devia- 
tion characteristic in erbium doped optical fibers. 

45 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[001 5] The preferred embodiments of the invention for 
resolving the above problems will next be described in so 
detail while referring to the accompanying drawings. 
[0016] A functional block diagram of the bidirectional 
(two-way) optical transmission system of this invention 
is shown in Fig. 3. In this figure, an end terminal unit 1, 
an optical amplifier unit 2, an optical amplifier relay unit 55 
3 and an end terminal unit 4 are connected by way of a 
transmission medium 5. The optical signal is transmit- 
ted bidirectionally between the end terminal unit 1 and 



end terminal unit 4 (A direction and B direction). 
[0017] A more detailed explanation of the end terminal 
unit and the optical amplifier relay unit reveals that the A 
transmission direction comprises three functions which 
are described next. 

[0018] First is a signal input (introduction) function 
input to the transmission medium 5 in which the end ter- 
minal unit 1 and optical amplifier relay unit 3, input the 
optical signal A from the optical power adjustment unit 
14 to the transmission medium 5 by means of the opti- 
cal splitter unit (optical splitter called hereinafter) as 
seen from the end terminal unit 1 positioned at one end. 
[0019] Second is an optical control information intro- 
duction function in which the optical power of the optical 
signal A is detected (monitored) by means of the optical 
input detection unit 16 as seen from the optical amplifier 
relay unit 3 positioned at one end, and information then 
generated relating to the sized of the monitor value by 
means of the optical control-information generating unit 
1 7 and input to the transmission medium 5 by way of the 
optical wavelength division multiplexer (optical coupler 
called hereinafter) 1 1 from the optical control -informa- 
tion introduction unit 13 as optical control information A'. 
[0020] Third is a function for automatic control of 
power by optical control information A' input to the trans- 
mission medium 5 from a mating device as seen from 
the end terminal unit 1 , detecting optical control infor- 
mation A' at the optical control -information detection 
unit 19 by way of the optical coupler 1 1 , and performing 
automatic control with the control unit 20 so that by 
means of the detected information, the power from the 
optical power control unit 14 is adjusted to within a 
specified value. 

[0021 ] The above description of the three functions is 
for a configuration for transmission direction A. How- 
ever, the above configuration is also identical to the 
transmission direction B. (See Fig. 4) 
[0022] A specific working example is shown in Fig. 4 
for the configuration in Fig. 3 in order to provide a more 
detailed description of the bidirectional optical transmis- 
sion system of Fig. 3. 

[0023] Figure 4 is a block diagram specifically showing 
the functions relating to the end terminal unit 1 and the 
optical amplifier relay unit 3 for the configuration shown 
in Fig. 3. 

[0024] The equipment that may be provided for the 
transmission medium 5 and the optical amplifier unit 2 
between the end terminal unit 1 and the optical amplifier 
relay unit 3 are just as explained for Fig. 3. 
[0020] 

[0025] The optical signal A is transmitted from an opti- 
cal transmission unit 6 inside the end terminal unit 1 . 
After the optical signal A is amplified in an optical ampli- 
fier 12 in order to boost the transmitted optical signal, 
this output is passed through the optical control-infor- 
mation introduction unit 13 and the optical power 
adjusted by means of the optical power control unit 14. 
This regulated optical signal A Is input to the first optical 
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fiber 15 by way of the optical coupler 1 1 . 
[0026] The optical amplifier 1 2 however is not needed 
and the order of the optical control -information introduc- 
tion unit 13 and the optical power control unit 14 can be 
changed as desired or can be integrated into one unit. s 
[0027] The first optical fiber 1 5 is approximately 80 kil- 
ometers and in this interval the optical signal power 
decreases about 1/10th to 1/1 0,000th. The optical sig- 
nal A passed through the first optical fiber 15 is input to 
the optical amplifier unit 3. After passing through the 
coupler 1 in the optical amplifier unit 3, the optical power 
of the optical signal A is detected by the optical input 
detection unit 1 6. 

[0028] The detected power monitor value is conveyed 
to the optical control -information generating unit 17. 
Information relating to the size of the optical power mon- 
itor value in optical control -information generating unit 
17 is sent to the optical control -information introduction 
unit 13. The optical control information A' from the opti- 
cal control-information introduction unit 13 is input to the 
first optical fiber 1 5 by means of the optical coupler 1 1 in 
a direction opposite the previous optical information A. 
[0029] Here, the optical information A passed through 
the optical input detection unit 16 is passed through the 
optical control-information input detection unit 19 and 
after being amplified in the optical amplifier 12, is 
passed through the optical power control unit 1 4 and the 
optical control-information introduction unit 13 and then 
input to the second optical fiber 1 8 by means of the cou- 
pler 11. 

[0030] However, the optical control-information intro- 
duction unit 13 and the optical power control unit 14 are 
required for sending optical control information and for 
optical signal control with the end terminal unit 3 and the 
optical amplifier relay unit 4 after (downstream) the sec- 
ond optical fiber 18. 

[0031] Also, the order of the optical control-informa- 
tion introduction unit 13 and the optical power control 
unit 1 4 or the optical input detection unit 16 and the opti- 
cal control-information input detection unit 19 may be 
rearranged or may be integrated into one unit. 
[0032] The optical information A' sent through the opti- 
cal fiber 

15 arrives at the end terminal unit 1. The optical 
information A' is detected by means of the optical con- 
trol-information input detection unit 19 after passing 
through the optical coupler 1 1 inside the end terminal 
unit 1 , and the detected information is sent to the control 
unit 20. The control unit 20 complies with this informa- 
tion and functions to maintain the power from the optical 
control unit 14 within a specified value. 
[0033] In other words, in order for the optical power of 
the optical signal A input to the optical amplifier relay 
unit 3 to reach a specified value, the optical information 
A' is allotted from the optical amplifier relay unit 3 and by 
detecting this information at the end terminal unit 1, the 
optical power of the optical signal A detected at the end 
terminal unit 1 is regulated and controlled by means of 



the optical power control unit 14. 
[0034] An optical signal B however from the second 
optical fiber 18. passes through the optical coupler 1 1 in 
the optical amplifier relay unit 3, the optical control-infor- 
mation input detection unit 19 and is then amplified by 
the optical amplifier 12. 

[0035] However, the optical input detection unit 1 6 and 
the optical control-information input detection unit 19 
are required for sending optical control information and 
control of the optical signal with the end terminal unit 4 
or the optical relay amplifier 3 downstream of the sec- 
ond optical fiber 18. 

[0036] The optical power of the optical signal B ampli- 
fied in the optical amplifier 12 is regulated by the optical 
power control unit 14. The now adjusted optical signal B 
is passed through the optical control-information intro- 
duction unit 13 and input to the first optical fiber 15 by 
means of the optical coupler 1 1 . 
[0037] Further, the order of the optical control-infor- 
mation introduction unit 1 3 and the optical power control 
unit 14 or the optical input detection unit 16 and the opti- 
cal control-information input detection unit 19 may be 
rearranged or may be integrated into one unit. 
[0038] The optical signal B passed through the first 
optical fiber 15 is input to the end terminal unit 1. The 
optical signal B is then passed through the optical cou- 
pler 1 1 inside the end terminal unit 1 is then passed 
through the optical control- information input detection 
unit 19 and the optical power detected by the optical 
input detection unit 16. 

[0039] The detected power monitor value is conveyed 
to the optical control-information generating unit 17. 
Information relating to the size of the optical power mon- 
itor value in optical control-information generating unit 
17 is sent to the optical control-information introduction 
unit 13. The optical control information B' from the opti- 
cal control-information introduction unit 1 3 is input to the 
first optical fiber 15 by means of the optical coupler 1 1 in 
a direction opposite the previous optical information B. 
[0040] Here, the optical information B passed through 
the optical input detection unit 16, after being amplified 
in the optical amplifier 12 is input to the optical receiving 
unit 7. However the optical amplifier 12 is not required 
and the optical input detection unit 16, the optical con- 
trol-information input detection unit 19 and the optical 
receiving unit 7 may be integrated into one unit. 
[0041 ] The optical information B' sent through the opti- 
cal fiber 1 5 arrives at the optical amplifier relay unit 3. 
The optical information B' is detected by means of the 
optical control-information input detection unit 19 after 
passing through the optical coupler 1 1 inside the optical 
amplifier relay unit 3, and the detected information is 
sent to the control unit 20. The control unit 20 complies 
with this information and functions to maintain the 
power from the optical control unit 14 within a specified 
value. 

[0042] In other words, in order for the optical power of 
the optical signal B input to the end terminal unit 1 to 
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reach a specified value, the optical control information 
B' is sent from the optical amplifier relay unit 3 and by 
detecting this information at the end terminal unit 1 , the 
optical power of the optical signal B sent from the end 
terminal unit 1 is detected at the optical amplifier relay 5 
unit 3 and regulated and controlled by means of the 
optical power control unit 14. 

[0043] As is obvious from the above description, an 
optical signal A transmitted bidirectional ly, and an opti- 
cal signal B, and both can simultaneously be controlled 
in a stable operation however control may also be 
achieved with a signal in only one direction. 
[0044] As is also obvious to one skilled in the related 
art, the optical power can be stably controlled in a man- 
ner separate from that described above, by devices tor 
transmission of optical signals such as from respective 
optical amplifiers 1 2 and optical transmission units 6 so 
that operation stability can be even further improved. 
[0045] As is clearly shown in Fig. 4, the optical signal 
A and optical control information B\ and the optical sig- 
nal B and optical control information A' are transmitted 
on the first optical fiber 1 5 in the same direction however 
the optical signal A can also be included with the optical 
control information B\ Similarly, the optical signal B may 
also include the optical control information A'. 
[0046] Further, the example in Fig. 4 showed an opti- 
cal fibers 15 and 18 as the transmission medium 15 
however an optical amplifier or an optical switch may 
also be utilized as the transmission medium 1 5. Further, 
a plurality of devices functioning as transmission 
medium 15 may be connected together. Also, the optical 
control -information input detection unit 19 and the opti- 
cal input detection unit 16 need not always be posi- 
tioned in the end terminal unit 1 or the optical relay 
amplifier unit 3 and if stable optical signal is necessary 
may for instance be positioned in the transmission opti- 
cal fibers 15 and 18. 

[0047] Also, the optical control information is config- 
ured to be transmitted by way of the optical fibers 15 
and 1 8 however, these optical fibers need not always be 
utilized rf the optical control information is capable of 
being allotted to the other end of the transmission 
medium 5. For instance, when an optical amplifier or an 
optical switch is contained inside the transmission 
medium, a optical fiber for allocation of the optical con- 
trol information separate from the transmission medium 
5 can be provided so that fast and reliable transmission 
of optical control information can be assured without 
any effects on the optical amplifier unit or the optical 
switch. 

[0048] On the other hand, the optical control-informa- 
tion introduction unit 13 and the optical power control 
unit 14 should preferably not be placed in the prestage 
of the optical amplifier 12. For instance when the con- 
nected in serial with the optical amplifier 12, the optical 
control -information introduction unit 13 and the optical 
power control unit 14 are preferably placed subsequent 
(downstream) of the first (pre) stage of the optical ampli- 



fier 12. The reason is that the optical power of the opti- 
cal signal is extremely weak in the first stage of the 
optical amplifier 1 2 and adjustment of weak optical sig- 
nal is very difficult. Another reason is that the optical 
information at this point is also very susceptible to 
adverse effects from a weak optical signal. The optical 
power of the signal from the optical transmission unit 6 
is sufficiently strong so that in the configuration shown 
above, the optical control-information introduction unit 
13 and the optical power control unit 14 are installed in 
a prestage of the optical amplifier 12. However in the 
view of the above listed reasons, the positional relation- 
ship of the optical amplifier 12, the optical control-infor- 
mation introduction unit 13 and the optical input 
detection unit 16 may be changed as needed. 
[0049] As related above, a critical point in improving 
the safety and reliability of the optical transmission sys- 
tem at the point where the optical power is weak after 
having passed through the transmission medium 5, is 
maintaining the required power and signal to noise ratio 
(S/N) for all the optical signals that are transmitted, and 
making the operation stable. 

[0050] As shown above, simple and also stable trans- 
mission of optical signals can be achieved at the signal 
emission point for information on optical signal power 
after transmission through the transmission medium 5 
by feeding back the signal and controlling the signal to 
reach a specified value. 

[0051] Another specific example for the end terminal 
unit 1 and the optical amplifier relay unit 3 is shown in 
Fig. 5. The point where this example differs from the 
configuration of Fig. 4 is that the optical signal A and the 
optical signal B are both amplified by means of the opti- 
cal amplifier 12. 

[0052] The optical signal A is transmitted from the 
optical transmission unit 6 installed in the end terminal 
unit 1 . After the optical signal A is passed through the 
optical coupler 21 , amplification is performed in the opti- 
cal amplifier 12. The optical signal A then passes 
through the optical coupler 22 and the optical power of 
the optical signal A is adjusted by the optical power con- 
trol unit 14. The now adjusted optical signal A passes 
through the optical control -information introduction unit 
1 3 and is input to the first optical fiber 1 5 by way of the 
optical coupler 1 1 . 

[0053] Also, the order of the optical control-informa- 
tion introduction unit 13 and the optical power control 
unit 1 4 or the optical input detection unit 1 6 and the opti- 
cal control-information input detection unit 19 may be 
rearranged or may be integrated into one unit just as 
shown in Fig 4. 

[0054] The optical signal A passed through the first 
optical fiber 15 is input to the optical amplifier relay unit 
3. The optical signal A is then passed through the opti- 
cal coupler 1 1 inside the optical amplifier relay unit 3 
and the optical power detected by the optical input 
detection unit 16. 

[0055] The detected power monitor value is conveyed 
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to the optical control-information generating unit 17. 
Information relating to the size of the optical power mon- 
itor value in optical control -information generating unit 
1 7 is sent to the optical control-information introduction 
unit 13. The optical control information A' from the opti- s 
cal control-information introduction unit 1 3 is input to the 
first optical fiber 1 5 by means of the optical coupler 1 1 in 
a direction opposite the previous optical information A. 
[0056] Also, the order of the optical control -informa- 
tion introduction unit 13 and the optical power control 10 
unit 1 4 or the optical input detection unit 16 and the opti- 
cal control-information input detection unit 19 may be 
rearranged or may be integrated into one unit just as 
shown in Fig 4. 

[0057] Here, the optical signal A is passed through the is 
optical input detection unit 16 and after passing the opti- 
cal coupler 21 and being amplified by the optical ampli- 
fier 12, passes the optical coupler 22, the optical power 
control unit 15 and the optical control-information intro- 
duction unit 13 and the optical signal A is input to the 20 
second fiber 1 8 by means of the optical coupler 1 1 . 
[0058] However, the optical control-information intro- 
duction unit 13 and the optical power control unit 14 are 
required for sending optical control information and for 
optical signal control with the end terminal unit 4 and the 25 
optical amplifier relay unit 3 after (downstream of) the 
second optical fiber 18. 

[0059] The optical information A' sent through the opti- 
cal fiber 15 arrives at the end terminal unit 1 . The optical 
information A' is detected by means of the optical con- 30 
trol- information input detection unit 19 after passing 
through the optical coupler 11 and the optical input 
detection unit 1 6 and the detected information is sent to 
the control unit 20. The control unit 20 complies with this 
information and functions to maintain the power from 35 
the optical control unit 14 within a specified value. 
[0060] In other words, in order for the optical power of 
the optical signal A' input to the end terminal unit 1 to 
reach a specified value, the optical control information 
A' is sent from the optical amplifier relay unit 3 and by 40 
detecting this information at the end terminal unit 1 , the 
optical power of the optical signal A sent from the end 
terminal unit 1 is regulated and controlled by means of 
the optical power control unit 14. 

[0061 ] On the other hand, in order for the optical sig- 45 
nal B from the second optical fiber 18 input to the end 
terminal unit 1 to reach a specified value of optical 
power just as above, the optical control information B' is 
sent from the end terminal unit 1 . The optical power for 
the optical signal B sent from the optical relay amplifier so 
unit 3 is then regulated by the optical power control unit 
14 based on the optical control information B' that is 
received at the optical relay amplifier unit 3. 
[0062] A configuration of this type allows the number 
of optical amplifiers 12 to be decreased and a bidirec- ss 
tional transmission system capable of easily and stably 
transmitting optical signals to be achieved. 
[0063] Further, if there is no need to amplify the optical 



signal A from the optical transmission unit 6, then as 
shown in Fig. 6, the optical coupler 21 and 22 can be 
omitted and the optical signal A from the optical trans- 
mission unit 6 connected to the optical power control 
unit 14 and the optical control-information introduction 
unit 1 3. Also rf there is no need to amplify the optical sig- 
nal B from the first optical fiber 15, then the optical sig- 
nal B can be connected to the optical receiving unit 7 
from the optical input detection unit 16 or the optical 
control-information input detection unit 19. 
[0064] With this kind of arrangement, a bidirectional 
transmission system capable of easily and stably trans- 
mitting optical signals can be achieved with the configu- 
ration in the end terminal unit 1 . 
[0065] The example shown in Fig. 7 may also be con- 
sidered. The example in Fig. 7 is different from the pre- 
vious configuration in that a direct connection is made to 
the optical amplifier 12 and the positional relationship of 
the optical amplifier 12 versus the optical input detection 
unit 16, the optical control -information input detection 
unit 19, the optical power control unit 1 4 and the optical 
control-information introduction unit 13 has changed. 
[0066] An optical signal A is transmitted from the opti- 
cal transmission unit 6 in the end terminal unit 1. After 
this optical signal A is passed through the optical cou- 
pler 21 input to the first optical amplifier 12 and ampli- 
fied in the first optical amplifier 1 2, the optical signal A is 
passed through the optical couple 22 and the optical 
power adjusted in the optical power control unit 1 4. The 
now adjusted optical signal A is passed through the 
optical control-information introduction unit 13 and 
amplified in the second optical amplifier 12 and then 
input to the first optical fiber 15 by way of the optical 
coupler 1 1 . 

[0067] The optical signal A passed through the first 
optical fiber 1 5 is input to the optical relay amplifier unit 
3. The optical signal B that passes through the optical 
coupler 1 1 then passes through the optical coupler 1 1 
and the optical power detected in the optical input 
detection unit 16. 

[0068] The detected power monitor value is conveyed 
to the optical control-information generating unit 17. 
Information relating to the size of the optical power mon- 
itor value in optical control-information generating unit 
17 is sent to the optical control-information introduction 
unit 13. The optical control information A' is amplified in 
the second optical amplifier 1 2 and then input to the first 
optical fiber 15 by means of the optical coupler 1 1 in a 
direction opposite the previous optical information A. 
[0069] Also, the order of the optical control-informa- 
tion introduction unit 13 and the optical power control 
unit 1 4 or the optical input detection unit 1 6 and the opti- 
cal control-information input detection unit 19 may be 
rearranged or may be integrated into one unit. 
[0070] The optical signal A that passed the optical 
input detection unit 16 is passed through the optical 
control-information input detection unit 19 and after 
being amplified in the first optical amplifier 1 , is passed 
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through the optical control-information introduction unit 
13 and the optical power control unit 1 4 and amplified in 
the second optical amplifier 12 and then input to the 
second optical fiber 18 by means of the optical coupler 
22 and the optical coupler 11. 

[0071 ] The optical information A' sent through the opti- 
cal fiber 1 5 arrives at the end terminal unit 1 . The optical 
information A* is detected by means of the optical con- 
trol-information input detection unit 19 after passing 
through the optical coupler 11 and the optical input 
detection unit 1 6 and the detected information is sent to 
the control unit 20. The control unit 20 complies with this 
information and functions to maintain the power from 
the optical control unit 1 4 within a specified value. 
[0072] In the configuration in Fig. 7, after adjustment 
by the optical power control unit 14, amplification is per- 
formed by the second optical amplifier unit 1 2 and the 
optical signal A' transmitted by the end terminal unit 1. 
In other words, in order that the optical power of the opti- 
cal signal A input from the optical amplifier relay unit 3 
reaches a specified value, the optical control informa- 
tion A* is allotted by the optical amplifier relay unit 3, by 
receiving this optical control information A' at the end 
terminal unit 1, regulation of power is performed by the 
optical power control unit 14 of the optical power of the 
optical signal A sent from the end terminal unit 1 . 
[0073] On the other hand, the optical signal B from the 
second optical fiber 18 passes through the optical cou- 
pler 1 1 and the optical coupler 21 of the optical amplifier 
relay unit 3, the optical input detection unit 16 and the 
optical control-information input detection unit 19 and is 
then amplified in the first optical amplifier 12. The optical 
power of the optical signal B amplified in the first optical 
amplifier 12 is adjusted by the optical power control unit 
14. The now adjusted optical signal B passes the optical 
control -information introduction unit 13, is amplified by 
the second optical amplifier and then input to the first 
optical fiber 15 by way of the optical coupler 22 and the 
optical coupler 1 1 . 

[0074] However, the order of the optical control -infor- 
mation introduction unit 1 3 and the optical power control 
unit 14 or the optical input detection unit 16 and the opti- 
cal control-information input detection unit 19 may be 
rearranged or may be integrated into one unit. 
[0075] The optical signal B passed through the first 
optical fiber 15 is input to the end terminal unit 1. The 
optical signal B is then passed through the optical cou- 
pler 1 1 inside the end terminal unit 1 and the optical 
power detected by the optical input detection unit 16. 
The detected power monitor value is conveyed to the 
optical control-information generating unit 17. Informa- 
tion relating to the size of the optical power monitor 
value in optical control-information generating unit 17 is 
sent to the optical control-information introduction unit 
13. The optical control information B' from the optical 
control -information introduction unit 13, is amplified by 
the second optical amplifier 12 and input to the first opti- 
cal fiber 1 5 by means of the optical coupler 1 1 in a direc- 



tion opposite the previous optical information B. 
[0076] Here, the optical signal B that passed through 
the optical input detection unit 16, then passes through 
the optical control-information input detection unit 19 

5 and the optical coupler 21 and after being amplified by 
the first optical amplifier 12 is input to the optical receiv- 
ing unit 7 by way of the optical coupler 22. 
[0077] The optical information B* sent through the opti- 
cal fiber 15 arrives at the optical amplifier relay unit 3. 

w The optical information B' is detected by means of the 
optica! control-information input detection unit 19 after 
passing through the optical coupler 11 and the optical 
input detection unit 16 and the detected information is 
sent to the control unit 20. The control unit 20 complies 

15 with this information and functions to maintain the 
power from the optical control unit 1 4 within a specified 
value. 

[0078] In other words, in order for the optical power of 
the optical signal B input to the end terminal unit 1 to 

20 reach a specified value, the optical information B' is sent 
from the end terminal unit 1 and by detecting this optical 
information B* at the end terminal unit 1, the optical 
power of the optical signal A sent detected at the end 
terminal unit 1 is regulated by means of the optical 

25 power control unit 14. 

[0079] As shown in Fig. 7, a simpler bidirectional opti- 
cal transmission system can be constructed by means 
of this configuration. Further, in the configuration in Fig. 
7, the optical control -information introduction unit 13 

30 and the optical power control unit 14 are installed 
between the first optical amplifier 12 and the second 
optical amplifier 1 2 and since the adjusted optical power 
is once again capable of being amplified by means of 
the second optical amplifier 12, highly efficient regula- 
rs tion becomes possible since no adjustment of an 
extremely weak optical signal is required. 
[0080] Further, generally a transmit power for the end 
terminal station 1 greater than the receive power to the 
optical receiving unit 7 inside the end terminal station 1 

40 is required. If a serial connection is made to the optical 
amplifier, and the prestage made the optical pre-posi- 
tion amplifier and the final stage made the optical post- 
position amplifier, then the power of the optical pre-posi- 
tion amplifier will be sufficient for the optical signal input 

45 to the optical receiving unit 7. 

[0081 ] Conversely, the transmit power from the end 
terminal unit 1 requires sufficient optical power greater 
than the final stage optical post-position amplifier. In the 
configuration of Fig. 7, the signal from the final stage of 

so the optical amplifier 12 connected in serial is isolated 
and input to the optical receiving unit 7 so that a transmit 
power can be obtained having greater optical power 
than does the receive power. 

[0082] The positional relationship of the optical ampli- 
55 f ier 1 2 installed in the final stage of the optical transmis- 
sion unit 6, the optical control-information introduction 
unit 13 and the optical power control unit 14 may be 
changed. 



8 



15 



EP 0 917 313 A2 



16 



[0083] Figure 8 shows an example of information 
transmission in the optical amplifier relay units 3 enclos- 
ing the transmission media 5. 

[0084] After the optical signal A from the first optical 
fiber 15 passes through the optical control-information s 
input detection unit 19 and the optical input detection 
unit 16. and the optical coupler 11 inside the optical 
amplifier relay unit 3-1, the optical signal A is amplified 
by means of the optical amplifier 12. Once this optical 
signal A has been amplified by means of the optical 10 
amplifier 12, the optical power is adjusted by means of 
the optical control unit 1 4. This now adjusted optical sig- 
nal A, passes the optical control-information introduc- 
tion unit 13 and is input to the second optical fiber 18 by 
means of the optical coupler 11. is 
[0085] Also, the order of the optical control -informa- 
tion introduction unit 13 and the optical power control 
unit 14 or the optical input detection unit 16 and the opti- 
cal control-information input detection unit 19 may be 
rearranged or may be integrated into one unit. 20 
[0086] In the second optical fiber 1 8 of approximately 
80 kilometers, the optical signal power attenuates 
approximately 1/1 0th to 1/10,000 during transmission 
over this distance. The optical signal A passing through 
the second optical fiber 18 is input to the second optical 25 
amplifier relay unit 3-2. 

[0087] In the second optical amplifier relay unit 3-2, 
the optical power of the optical signal A that passed 
through the optical coupler 1 1 is detected by the optical 
input detection unit 1 6. The monitor value for the optical 30 
power that is detected is sent to the optical control-infor- 
mation generating unit 17. Information relating to the 
size of the power monitor value information in the optical 
control-information generating unit 1 7 is sent to the opti- 
cal control-information introduction unit 13. The optical 35 
control information A' from the optical control -informa- 
tion introduction unit 13 is input to the second optical 
fiber 18 by way of the optical coupler 11 in a direction 
opposite the previous optical signal A. 
[0088] Also, the order of the optical control -informa- 40 
tion introduction unit 13 and the optical power control 
unit 14 maybe rearranged or maybe integrated into one 
unit. 

[0089] Here, the optical signal A is passed through the 
optical input detection unit 1 6 and after passing the opti- 45 
cal controlled-information input detection unit 19 and 
being amplified by the optical amplifier 12 in the optical 
amplifier unit 8, through the optical control-information 
introduction unit 13 and the optical power control unit 14 
and is input to the third optical fiber 23 by means of the so 
optical coupler 1 1 . However, the optical control -informa- 
tion introduction unit 13 and the optical power control 
unit 14 are required for sending optical control informa- 
tion and for optical signal control with the end terminal 
unit 4 and the optical amplifier relay unit 3 after (down- 55 
stream of) the third optical fiber 23. 
[0090] The optical information A' sent through the sec- 
ond optical fiber 18 arrives at the first optical relay 



amplifier unit 3-1 . The optical information A' is detected 
by means of the optical control-information input detec- 
tion unit 19 after passing through the optical coupler 1 1 
and the optical input detection unit 16 the first optical 
relay amplifier unit 3-1 and the detected information is 
sent to the control unit 20. The control unit 20 complies 
with this information and functions to maintain the 
power from the optical control unit 14 within a specified 
value. 

[0091 ] In other words, in order for the optical power of 
the optical signal A input to the second optical relay 
amplifier unit 3-2 to reach a specified value, the optical 
control information A* is sent from the second optical 
amplifier relay unit 3-2 and by detecting this information 
at the first optical amplifier relay unit 3-1 , thus the optical 
power of the optical signal A sent from the optical ampli- 
fier relay unit 3 is regulated and controlled by means of 
the optical power control unit 14. 
[0092] As for the optical signal B from the third optical 
fiber 23 on the other hand, in order that the optical 
power of the optical signal B input to the first optical 
amplifier relay unit 3-1 reaches a specified value, the 
optical control information B' of the first optical amplifier 
relay unit 3-1 is transmitted and by being received at the 
second optical amplifier relay unit 3-2, the optical power 
of the optical signal B transmitted from the second opti- 
cal amplifier relay unit 3-2 is controlled by the optical 
power control unit 14. 

[0093] The above description explained control of an 
optical signal A transmitted bidirectionally and simulta- 
neous control with the optical signal B is also possible. 
Needless to say, control may also be achieved of signals 
in only one direction. 

[0094] As is also obvious to one skilled in the related 
art, the optical power can be stably controlled in a man- 
ner separate from that described above, by devices for 
transmission of optical signals such as from respective 
optical amplifiers 12 operation stability can be improved 
since the optical power can be controlled in a stable 
manner. 

[0095] As is clearly shown in Fig. 8, the optical signal 
A and optical control information B\ and the optical sig- 
nal B and optical control information A* are transmitted 
on the first optical fiber 15 in the same direction, how- 
ever the optical signal A can also be included with the 
optical control information B\ Similarly, the optical signal 
B may also be made to include the optical control infor- 
mation A'. 

[0096] Further, the example showed optical fibers as 
the transmission medium, however an optical amplifier 
or an optical switch may also be utilized as the transmis- 
sion medium. Further, a plurality of devices functioning 
as transmission medium may be connected together. 
Also, the optical control-information input detection 
units need not always be positioned in the optical relay 
amplifier unit and if an optical signal with more stability 
is necessary, then the optical control -information input 
detection units may for instance be positioned inside the 
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optical fibers. 

[0097] Also, the optical control information is config- 
ured to be transmitted by way of the optical fibers 15, 
however, these optical fibers need not always be utilized 
if the optical control information is capable of being allot- 
ted to the other end of the transmission medium. For 
instance, when an optical amplifier or an optical switch 
is contained inside the transmission medium, a optical 
fiber for allocation of optical control information sepa- 
rate from the transmission medium can be provided so 
that fast and reliable transmission of optical control 
information can be assured without any effects on the 
optical amplifier unit or the optical switch. 
[0098] On the other hand, the optical control -informa- 
tion introduction unit 13 and the optical power control 
unit 14 should preferably not be placed in the prestage 
of the optical amplifier 12. For instance when connected 
in serial with the optical amplifier 12, the optical control - 
information introduction unit 13 and the optical power 
control unit 1 4 are preferably placed subsequent (down- 
stream) of the first (pre) stage of the optical amplifier 1 2. 
The reason is that the optical power of the optical signal 
is extremely weak in the first stage of the optical ampli- 
fier 12 and adjustment of weak optical signal is very dif- 
ficult. Another reason is that the optical information at 
this point is also very susceptible to adverse effects 
from a weak optical signal. 

[0099] As related above, a critical point in improving 
the safety and reliability of the optical transmission sys- 
tem at the point where the optical power is weak after 
having passed through the transmission medium, is 
maintaining the required power and signal to noise ratio 
(S/N) for all the optical signals that are transmitted, and 
making the operation stable. As shown above in this 
invention, simple and also stable transmission of optical 
signals can be achieved in the optical amplifier relay unit 
by feedback of information on optical signal power after 
transmission to the signal emission point through the 
transmission medium, and then controlling the signal to 
reach a specified value. 

[01 00] Another example when performing information 
transfer in the optical amplifier relay units 3 enclosing 
the transmission medium is shown in Fig. 9. Figure 9 is 
an example of information transmission between the 
optical amplifier relay units 3 for the configuration of Fig. 
5. The information transmission method is identical to 
the shown in Fig. 5 and Fig. 8. 

[01 01 ] Yet another specific example when performing 
information transfer in the optical amplifier relay units 3 
enclosing the transmission medium is shown in Fig. 10. 
Figure 10 is an example of information transmission 
between the optical amplifier relay units 3 for the config- 
uration of Fig. 7. The information transmission method 
is identical to the shown in Fig. 7 and Fig. 8. 
[0102] The embodiments from Fig. 5 through Fig. 10 
are explained by a detailed description of the bidirec- 
tional transmission system of Fig. 3. However, systems 
comprising a combination of these embodiments may 



also be considered. 

[0103] For example, a bidirectional system may be 
considered spanning different drawings and comprised 
not only of the end terminal units 1 ,4 and the optical 
5 amplifier relay unit 3; end terminal units 1 , 4; or compan- 
ion optical amplifier relay units 3 but may also use at 
least one of the end terminal units 1 ,4 or the optical 
amplifier relay unit 3. 

[0104] Next a detailed actual embodiment is 
w described utilizing Fig. 1 1 and having the optical input 
detection unit 16, the optical control-information input 
detection unit 19, the optical control-information gener- 
ating unit 17, the control unit 20, the optical control- 
information introduction unit 13 and the power control 
is unit 14 of Fig. 5 through Fig. 10. 

[01 05] In the embodiment shown in Fig. 1 1 , the optical 
control-information introduction unit 13 and the optical 
power control unit 14 are integrated together inside the 
optical amplifier relay unit 3 or the end terminal unit 1 . 
20 Not only is the amplified optical signal A adjusted to the 
specified power but at the same time, the optical signal 
B and the optical control information B' are overlapped. 
In this kind of configuration, the optical signal wave- 
lengths of the optical signal B and optical control infor- 
ms mation A' or the optical signal A and optical control 
information B f are capable of matching each other and 
is achieved in this invention with a relatively simple sys- 
tem. 

[0106] For instance, both the optical signal B and the 
30 optical control information A' may be set with an optical 
wavelength of 1550nm; and both the optical signal A 
and the optical control information B* may be set with an 
optical wavelength of 1540nm. 

[0107] The optical signal B and the optical control 
35 information A' are input to the optical input detection unit 
16 and the optical control-information input detection 
unit 19. The light that enters is tapped off by the optical 
splitter 24 and the optical power detected in the optical 
detector 25. 

40 [01 08] The detected optical signal is isolated into two 
signals. One of these signals is input to the average 
detection circuit 26 and after detecting the average 
value of the detected signal, is sent to the optical con- 
trol-information generating unit 17 as the optical power 

45 monitor value. Also, the other signal of the two that are 
isolated from the detected optical signal, is input to the 
frequency detection circuit 27, and after detection of the 
frequency of the detected signal, is sent to the control 
unit 20. 

so [0109] The optical power monitor value sent to the 
optical control-information generating unit 17 is com- 
pared with a reference value 28 that is established 
beforehand in the comparator 29 and then sent to the 
variable oscillation circuit 30. The frequency of the oscil- 

55 lator signal from the variable oscillation circuit 30 is 
changed by means of the compared value and the fre- 
quency made equivalent to the reference value 28 and 
sent to the optical control-information introduction circuit 
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13 and the optical variable gain adjustor 31 inside the 
optical power control unit 14. 

[01 1 0] The optical variable gain adjustor 31 is capable 
of change the gain of the light by means of an external 
signal. The gain (value) corresponding to the light from 
the optical signal A (wavelength 1540nm) of the optical 
variable gain adjustor 31 is modulated by means of the 
oscillator signal from the optical control-information 
generating unit 17, overlapped with optical signal A as 
the optical control information B' and transmitted. 
[0111] The detected value transmitted to the control 
unit 20 is compared with a pre-established reference 
value 32 by means of the comparator 33. The optical 
control information sent as the size of the frequency per 
intensity modulation according to the compared value is 
made equivalent versus the reference value 32, and this 
control signal is sent to the optical control-information 
introduction unit 13 and the optical variable gain adjus- 
tor 31 inside the optical power control unit 14. The gain 
value for the light corresponding to the optical signal A 
(wavelength 1540nm) of the optical variable gain adjus- 
tor 31 is thus regulated by means of a control signal 
from the control unit 20 and then transmitted. 
[0112] Next, a description in detail of the information 
transmission flow by way of the optical fiber is related. 
[0113] In the configuration in Fig. 1 1 , the gain for the 
light of the optical variable gain adjustor 31 inside the 
optical power control unit 14 is modulated. This modula- 
tion signal is overlapped or multiplexed onto the optical 
signal as the optical control information B' and transmit- 
ted (distributed). For instance when regulating the opti- 
cal power in the optical input detection unit 1 6 and the 
optical control -information input detection unit 19 for the 
optical signal B to -20dBm, if the value detected by 
means of the average detection circuit 26 is -20dBm 
then the output from the comparator 29 is set as 0 and, 
the 20kHz oscillator frequency of the variable oscillation 
circuit 30 is made to oscillate, and the gain of the light 
from the optical variable gain adjustor 31 modulated at 
20kHz. By this process, a 20kHz modulated signal is 
overlapped onto the optical signal A and as a result, the 
optical control information B' modulated at 20kHz is 
sent along with the optical signal A. 
[01 14] Further, if for instance, the input monitor value 
falls below -20dBm and reaches -20.5dBm, a negative 
signal is output from the comparator 29 and the variable 
oscillation circuit 30 is made to oscillate in response at 
an oscillating frequency of 19.5kHz and the gain value 
for the light of the optical variable gain adjustor 31 is 
modulated at 1 9.5kHz. Conversely, if the input monitor 
value rises higher than -20dBm and reaches 19.5dBm, 
then the modulation frequency is modulates the signal 
at 20.5kHz in response to the increase. 
[0115] This optical signal A and the optical control 
information B' are input to the optical input detection unit 
16 and the optical control -information input detection 
unit 19 at the other end of the optical fiber. When the 
input power of the optical signal A is sensed, the fre- 



quency of the optical signal information B' is also 
sensed at the same time by the frequency detection cir- 
cuit 27. If the detected (sensed) frequency is 20.0kHz, 
then the output from the comparator 33 is 0 and the gain 

5 value of the light of the optical variable gain adjustor 31 
inside the optical power control unit 14 is maintained. 
[0116] However, if the detected frequency is lower 
than 20.0kHz, a negative signal is output from the com- 
parator 33 and the gain value of the light from the optical 

10 variable gain adjustor 31 is modulated in accordance 
with this output to increase the optical power. Con- 
versely if the detected frequency is higher than 
20.0kHz, a positive signal is output from the comparator 
33 and the gain value of the light from the optical varia- 

15 ble gain adjustor 31 versus the optical signal B is 
changed in accordance with this output to reduce the 
optical power. 

[0117] Therefore, feedback control of the optical 
power of the optical signal B is now possible so that the 

20 optical power for the optical input detection unit 16 and 
the optical control-information input detection unit 19 is 
a specified value. The process is also the same in the 
reverse direction for the optical signal A. 
[01 1 8] The bit rate for the optical signals A and B used 

25 here is a high speed of 1 megabyte per second, how- 
ever even if a modulation signal of about 20kHz over- 
laps on the optical light, there is no effect on the optical 
signals A and B. There is no effect because a slow mod- 
ulation signal of about 20kHz is easily trapped and elim- 

30 inated in the optical receiving unit 7. 

[0119] Further, this modulation frequency is not lim- 
ited to 20kHz and a different frequency may be used. 
However, when devices are installed having functions to 
suppress fluctuations in optical power or the modulation 

35 frequency on the system circuit for allotting the optical 
control information, then for instance if even at least one 
optical amplifier 12 is installed to maintain the output at 
a fixed level, the frequency should preferably be from 
1kHz to 1MHz. The reason being that generally, a fre- 

40 quency capable of suppressing optical power to a fixed 
level at the output of the optical amplifier 12 is 1kHz or 
less and suppressing power fluctuations below 1kHz 
will also eliminate the optical control information. 
[0120] Therefore a frequency from 1kHz to 1MHz is 

45 preferable to ensure reliable transmission of information 
without exerting an effect on the optical signal. Con- 
versely, when performing output control to a fixed level 
on the optical amplifier 12, the frequency range for sup- 
pressing power fluctuations must be a lower than the 

so frequency for modulating the optical control information. 
[0121] The configuration in Fig. 1 1 showed both power 
adjustment and modulation performed by means of a 
single optical power control unit 14 however these func- 
tions may be isolated and performed separately. 

55 [0122] Also, according to the configuration of Fig. 1 1 , 
the optical control signal A' is allotted (sent) along with 
the optical signal B in the optical power control unit 1 4 
and the optical control-information introduction unit 13 
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however since optical control information (for instance 
C) is newly overlapped by the next optical power control 
unit 14 and the optical control-information introduction 
unit 13, the optical control information A' is automati- 
cally deleted. Accordingly, the optical control informa- 5 
tion is can be sent without being mixed with the optical 
control information A' of the previous stage. 
[0123] Further, by simultaneously overlapping the 
optical control information on the optical signal moving 
in the opposite direction, the optical information can be 10 
easily transmitted without installing a new signal path for 
the optical control information. 

[0124] The medium for transmitting the optical control 
information is an optical signal so control can be per- 
formed at an exceedingly high speed even over long is 
distances. 

[0125] Also in the configuration of Fig. 1 1 , the informa- 
tion relating to optical power is sent in succession, how- 
ever when the optical power in the optical input 
detection unit 16 is fixed continuously over a long time, 20 
the optical power can be fixed once the optical control 
information is sent and the optical power then controlled 
to a specific value by the optical power control unit 14. 
[0126] In cases where fluctuations in optical power 
occur over a slow period in the optical input detection 25 
unit 16, the optical power control unit 14 may be 
adjusted intermittently over a fixed time period. 
[0127] As transmission mediums this invention is fur- 
ther not limited to optical fibers as optical signal trans- 
mission paths or paths for transmission of information. 30 
For instance, this invention is also effective on transmis- 
sion mediums in which optical power fluctuations are 
likely to occur after transmission of the optical signal. 
[0128] The medium for sending optical control infor- 
mation is not limited to an optical signal in the reverse 35 
direction and a medium may be newly installed for send- 
ing optical control information. For instance, an optical 
control signal of a wavelength differing from that of the 
newly installed optical transmission unit can be trans- 
mitted and the optical control information thus sent. In 40 
this way, a control configuration can be achieved which 
exerts absolutely no effect on the optical signal that 
must be transmitted. 

[0129] Specific examples of other embodiments of 
Fig. 3 are shown in Fig. 12A and Fig. 13. Figure 12 45 
shows the end terminal unit 1 and Fig. 12B shows the 
optical amplifier relay unit 3. 

[01 30] The optical transmission unit 6 inside the end 
terminal unit 1 of Fig. 12A send optical signals of differ- 
ent wavelength and includes at least one from among so 
the optical transmitters 34-1 to 34-n. Optical signals A1 , 

A2, A3 An are sent respectively from the optical 

transmitters 34-1 to 34-n. The optical signals A1, A2, A3 
An pass through the respective optical control- 
information introduction units 13-1 to 13-n and the opti- 55 
cal power is adjusted by the optical power control units 
14-1 through 1 4-n. The now adjusted optical signals A1 , 
A2, A3 An are summed in the optical coupler 35 



and after amplification in the optical amplifier 12 are 
input to the first transmission fiber 15 by way of the opti- 
cal coupler 1 1 . 

[0131] However the optical amplifier 12 is not neces- 
sary and the order of the optical control -information 
introduction units 13-1 to 13-n and the optical power 
control units 14-1 through 14-n may be rearranged and 
may also be integrated into one unit. 
[01 32] The first optical fiber 1 5 is approximately 80 kil- 
ometers and in this interval the optical signal power 
decreases about 1/10th to 1/10.000th. The optical sig- 
nals A1 t A2, A3 An passed through the first optical 

fber 15 are input to the optical amplifier unit 3. After 
passing through the coupler 11 in the optical amplifier 
unit 3 shown in Fig. 13. the respective optical power of 

the optical signals A1 , A2, A3 An is detected by the 

optical input detection unit 16 after passing the optical 
control input-information detection unit 19. 
[01 33] These detected power monitor values are con- 
veyed to the optical control -information generating unit 
17. Information relating to the size of the optical power 
monitor values in optical control -information generating 
unit 17 is sent to the optical control -information introduc- 
tion units 13-1 to 13-n. The optical control information 
A1\ A2', A3' ... An' from the optical control-information 
introduction units 13-1 to 13-n are summed in the opti- 
cal coupler 36 and input to the first optical fiber 15 by 
means of the optical coupler 1 1 in a direction opposite 
the previous optical information A1 , A2, A3, .... An. 
[0134] However, the order of the optical input detec- 
tion unit 16 and the optical control-information input 
detection unit 19 may be rearranged and may be inte- 
grated into one unit. 

[01 35] Here, the optical information A1 , A2, A3 An 

that passed the optical input detection unit 16 is ampli- 
fied by the optical amplifier 12 and then isolated into a 
specified frequency band by means of the third optical 
coupler 37, the outputs are then passed through the 
optical control-information introduction units 13-1 to 13- 
n and the optical power control units 14-1 through 14-n 
and after again summing the frequencies in the optical 
coupler 38 are input to the first optical fiber 18 by way of 
the optical coupler 11. The optical , control-information 
introduction units 13-1 to 13-n and the optical power 
control units 14-1 through 14-n are however required for 
transmission of optical control information and optical 
signal control with the end control unit 4 or the optical 
amplifier relay unit 3 after (downstream of) the second 
optical fiber 18. 

[0136] The optical control information A1\ A2\ A3', .... 
An' sent through the optical ftoer 15 arrives at the end 
terminal unit 1. The optical control information A1\ A2\ 

A3' An* are detected by means of the optical control - 

information input detection unit 19 after passing through 
the optical coupler 1 1 inside the end terminal unit 1 , and 
the detected information is sent to the control unit 20. 
The control unit 20 complies with this information and 
functions to maintain the power from the optical control 
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units 14-1 through 14-n within a specified value. 

[01 37] In other words, in order for the optical power of 

the optical signals A1 , A2, A3 An input to the optical 

amplifier relay unit 3 to reach a specified value, the opti- 
cal control information A1\ A2\ A3* An' is sent from 

the optical amplifier relay unit 3 and by detecting this 
information at the end terminal unit 1 , the optical power 
of the optical signals A1, A2, A3, .... An sent from the 
end terminal unit 1 is regulated and controlled by means 
of the optical power control unit 14-1 to 14-n. 
[0138] On the other hand, the optical signals B1 , B2, 
B3, ... Bn from the second optical fiber 18 input to the 
end terminal unit 1 in Fig. 13, are passed through the 
optical coupler 11, the optical input detection unit 16 
and the optical control-information input detection unit 
19 inside the optical relay amplifier unit 3 and then 
amplified in the optical amplifier 12. The optical input 
detection unit 16 and the optical control-information 
input detection unit 19 are however required for trans- 
mission of optical control information and optical signal 
control with the end control unit 4 or the optical amplifier 
relay unit 3 after (downstream of) the second optical 
fiber 18. 

[01 39] Here, the optical signals B1 , B2, B3 Bn that 

are amplified by the optical amplifier unit 3 are then iso- 
lated into a specified frequency band by means of the 
third optical coupler 39. the outputs are then passed 
through the optical control-information introduction units 
13-1 to 13-n and the optical power control units 14-1 
through 14-n through various paths and after again 
summing the frequencies in the optical coupler 36 are 
input to the first optical fiber 18 by way of the optical 
coupler 1 1 . 

[0140] However, the order of the optical control -infor- 
mation introduction units 13-1 to 13-n and the optical 
power control units 14-1 through 14-n may be rear- 
ranged and may also be integrated into one unit. The 
optical signals B1, B2, B3, ... Bn that passed through 
the first optical fiber 15 are input to the end terminal unit 
1 in Fig. 12. 

[0141] The optical signals B1, B2, B3, ... Bn that 
passed through the optical coupler in the end terminal 
unit 1 , then pass through the optical control-information 
input detection unit 19 and the respective output power 
is detected in the optical input detection unit 16. 
[01 42] These detected power monitor values are con- 
veyed to the optical control -information generating unit 
1 7. Information relating to the size of the optical power 
monitor values in optical control-information generating 
unit 1 7 is sent to the optical control -information introduc- 
tion unit 13. The optical control information B1\ B2\ B3' 
... Bn' from the optical control-information introduction 
unit 13 pass through the optical power control units 14- 
1 to 14-n are summed by means of the optical coupler 
35 and the pass through the optical amplifier 1 2, and the 
optical coupler 1 1 and are input to the first optical fiber 
15 in a direction opposite the previous optical informa- 
tion B1, B2, B3 Bn. 



[0143] Here, the optical signals B1, B2, B3. ... Bn 
passed through the optical input detection unit 16 and 
the optical control-information input detection unit 19 
are amplified in the optical amplifier 20 and then input to 

5 the optical receiving unit 7 by way of the optical coupler 
40. The optical receiving unit 7 is comprised of at least 
one of the optical receivers 41-1 to 41 -n for receiving 
optical signals of mutually differing wavelengths. How- 
ever, the optical amplifier 12 is not required. The optical 

w input detection unit 1 6 and the optical control-informa- 
tion input detection unit 19 and the optical receiving unit 
7 may be integrated into one unit. 
[0144] The optical control information BV, B2\ B3' ... 
Bn' sent through the optical fiber 1 5 arrives at the optical 

is amplifier relay unit 3 of Fig. 13. The optical control infor- 
mation B1 ', B2', B3* . . . Bn' are detected by means of the 
optical control-information input detection unit 19 after 
passing through the optical coupler 1 1 inside the optical 
amplifier relay unit 3, and the detected information is 

20 sent to the control unit 20. The control unit 20 complies 
with this information and functions to maintain the 
power from the optical control units 14-1 through 14-n 
within a specified value. 

[0145] in other words, in order for the optical power of 

25 the optical signals B1 , B2, B3, ... Bn input to the end ter- 
minal unit 1 to reach a specified value, the optical con- 
trol information BV, B2', B3' ... Bn' is sent from the end 
terminal unit 1 and by detecting this information at the 
optical amplifier relay unit 3, the optical power of the 

30 optical signals B1 , B2, B3, ... Bn sent from the end ter- 
minal unit 1 is regulated and controlled by means of the 
optical power control unit 14-1 to 14-n. 
[01 46] Thus, with the control process explained above 
simultaneous control of the bidirectional ly transmitted 

35 optical signals A1 , A2, A3 An and the optical signals 

B1, B2, B3, ... Bn is possible and of course control of 
only unidirectional signals is also possible. 
[0147] Also, this process is adaptable to cases where 
the optical signals A1 , A2, A3 An and the optical sig- 

40 nals B1 , B2, B3, ... Bn are not all autonomously control- 
led. In such cases, one optical signal can be set for one 
group, and control performed for separate groups, and 
an optical control -information introduction unit and an 
optical power control unit can be installed correspond- 

45 ing to each group. 

[0148] As described above, in the configuration of Fig. 
12 and Fig. 13, an optical transmission system can be 
constructed for automatically switching the optical 
power to an appropriate value when multiple changes 

so occur in the optical signal. Accordingly, a usually stable 
and highly reliable optical transmission system can be 
provided for suppressing fluctuations in optical power 
for a single wavelength even if the frequency varies. 
[0149] As is also obvious to one skilled in the related 

55 art, the optical power can be stably controlled in a man- 
ner separate from that described above, by devices for 
transmission of optical signals such as from respective 
optical amplifiers 1 2 and the optical transmission units 6 
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so that optical power can be stably controlled and oper- 
ation stability can be even further improved. 

[0150] Hie optical signals A1 , A2, A3 An and the 

optical control information B1\ B2\ B3' ... Bn\ the opti- 
cal signals B1, B2, B3, ... Bn and the optical control 
information A1\ A2', A3\ .... An* are transmitted in the 
same direction on the first optical fiber 15. The optical 

signals A1, A2, A3 An however, can be included with 

the optical control information B1\ B2', B3* ... Bn'. In the 
same manner, the optical control information A1 A2\ 

A3' An* can be included with the optical signals B1 , 

B2, B3, ... Bn. 

[0151] Further, the example showed optical fibers as 
the transmission medium, however an optical amplifier 
or an optical switch may also be utilized as the transmis- 
sion medium. Also, the optical control-information input 
detection units need not always be positioned in the 
optical relay amplifier unit and if an optical signal with 
more stability is necessary, then the optical control- 
information input detection units may for instance be 
positioned inside the optical fibers. 
[0152] Also, the optical control information is 
described as being transmitted by way of the optical fib- 
ers, however, these optical fibers need not always be 
utilized if the optical control information is capable of 
being allotted to the other end of the transmission 
medium. For instance, when an optical amplifier or an 
optical switch is contained inside the transmission 
medium, a optical fiber for allocation of optical control 
information separate from the transmission medium can 
be provided so that fast and reliable transmission of 
optical control information can be assured without any 
effects on the optical amplifier unit or the optical switch. 
[0153] On the other hand, the optical control-informa- 
tion introduction unit 13 and the optical power control 
unit 14 should preferably not be placed in the prestage 
of the optical amplifier 12. For instance when connected 
in serial with the optical amplifier 12, the optical control- 
information introduction unit 13 and the optical power 
control unit 1 4 are preferably placed subsequent (down- 
stream) of the first (pre) stage of the optical amplifier 12. 
The reason is that the optical power of the optical signal 
is extremely weak in the first stage of the optical ampli- 
fier 12 and adjustment of weak optical signals is very 
difficult. Another reason is that the optical information at 
this point is also very susceptible to adverse effects 
from a weak optical signal. 

[0154] As related above, a critical point in improving 
the safety and reliability of the optical transmission sys- 
tem at the point where the optical power is weak after 
having passed through the transmission medium, is 
maintaining the required power and signal to noise ratio 
(S/N) for all the optical signals that are transmitted, and 
making the operation stable. As shown above in this 
invention, simple and also stable transmission of optical 
signals can be achieved in the optical amplifier relay unit 
by feedback of information on optical signal power after 
transmission to the signal emission point through the 



transmission medium, and then controlling the signal to 
reach a specified value. 

[0155] Another specific example of the end terminal 
unit 1 and the optical relay amplifier unit 3 is shown in 

5 Fig. 14 and Fig. 15. 

[01 56] The point where this configuration differs from 
Fig. 12 and Fig. 13 is that the optical signal A and the 
optical signal B are amplified by the same optical ampli- 
fier 12. Also in this configuration, adaptations can basi- 

w cally be made for the optical input detection unit 16, the 
optical control-information input detection unit 19, the 
optical control-information introduction unit 13 and the 
power control unit 14 of Fig. 5 as is previously explained 
for Fig. 12 and Fig. 13. 

15 [01 57] Further, in the same manner, derivatives of the 
end control units 1, 4 as shown in Fig. 16 may be con- 
sidered as taken from Fig. 12, Fig. 13 and Fig. 6. 
[01 58] Still further, a derivative example (Fig. 1 7) of an 
end terminal unit, and an optical amplifier relay unit (Fig 

20 18) may be considered, as taken from Fig. 12, Fig. 13 
and Fig. 7. The optical input detection unit 16, the opti- 
cal control-information input detection unit 19, the opti- 
cal control-information introduction unit 13 and the 
power control unit 14 inside the optical relay amplifier 

25 unit 3 at this time must be made to correspond to the 

optical signals A1, A2, A3 An, 

the optical signals B1, B2, B3, ... Bn, the optical 

control information A1 ', A2\ A3' An' and the optical 

control information B1\ B2\ B3' ... Bn'. Accordingly, use 

30 of the optical couplers 42, 43 for all of the wavelengths 
is necessary. Further, the portion for the optical input 
detection unit 16 and the optical control -information 
input detection unit 19 in Fig. 17 and Fig. 18 from Fig. 12 
and Fig. 13 can be configured a shown in Fig. 19. The 

35 optical signals A1 , A2, A3 An, and the optical control 

information BV, B2\ B3' ... Bn* in Fig. 19, that passed 
the optical coupler 1 1 from the first optical fiber 1 5 have 
a portion tapped off by the optical splitter 44. The 
tapped off light is input to the latter stages of the optical 

40 coupler 38, branched off to the specified wavelength 
path and then input to the optical input detection unit 16 
and the optical control- information input detection unit 
19. In the same way. the optical signals B1, B2, B3, ... 
Bn and the optical control information A1\ A2\ A3' 

45 An* that passed the optical splitter 1 1 from the second 
optical fiber 18, are tapped off at a portion by the optical 
splitter 46. The tapped off (or branched off) light is then 
input to the latter stages of the optical coupler 36 by the 
optical splitter 46, and branched off to the specified 

so wavelength path and then input to the optical input 
detection unit 16 and the optical control-information 
input detection unit 19. 

[0159] The optical couplers 36, 37, 38 39 are neces- 
sary for the optical control-information introduction unit 
55 13 and the power control unit 14 to branch off optical 
signals to the specified path but at the same time, opti- 
cal couplers are required for branching off onto the 
specified wavelength path, optical signals in the optical 
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input detection unit 16 and the optical control -informa- 
tion input detection unit 19. The optical couplers are 
commonly shared in the configuration of Fig. 16, and 
allow obtaining the effect of this invention with a simpli- 
fied configuration. 5 
[01 60] Also, the input is from a direction different from 
the optical signals and optical signal control information 
passing the optical control-information introduction unit 
13 and the power control unit 14 so that the arrange- 
ment is capable of high accuracy input detection without 
exerting adverse effects on the optical signals and opti- 
cal signal control information. 

[0161] Figures 12 through Fig. 19 are utilized to 
describe in detail the bidirectional transmission system 
of Fig. 3. Other adaptations and combinations of these 
configurations may easily be considered for use. 
[0162] Figure 20 is an embodiment of a specific con- 
figuration for transmission of optical control information 
per the configurations in Fig. 12 through Fig. 19. 
[0163] In the embodiment of Fig. 20, the optical con- 
trol-information introduction unit 13 and the power con- 
trol unit 14 in the end terminal unit 1 or the optical relay 
amplifier unit 3 are integrated into one unit. The optical 
wavelength of the optical control information is capable 
of being matched with the optical signal wavelength so 
that a simple system of this invention can be obtained. 
[0164] In order to simplify this explanation, it is 
assumed that the optical control information BV (wave- 
length 1550nm), B2' (wavelength 1551 nm) B3' (wave- 
length 1552nm) is overlapping on the optical signal A1 
(wavelength 1550nm), A2 (wavelength 1551nm), A3 
(wavelength 1552nm) input to the optical control-infor- 
mation introduction unit 13 and the power control unit 
14. 

[0165] Further, it is assumed that the optical control 
information A1* (wavelength 1530nm), A2' (wavelength 
1531 nm), A3' (wavelength 1532nm) is overlapping on 
the optical signal B1 (wavelength 1530nm), B2 (wave- 
length 1531 nm), B3 (wavelength 1532nm), is input to 
the optical input detection unit 16 and the optical con- 
trol-information input detection unit 19. 
[0166] As is clearly seen, the above explanation is 
also valid for the optical signals A1 , A2, A3, .... An, the 
optical signals B1 , B2, B3, ... Bn, and the optical control 
information BV, B2\ B3' ... Bn' and the optical control 

information A1 A2\ A3* An'. 

[01671 Any combination may be used if the optical sig- 
nal and the corresponding optical control information 
are established beforehand. For instance, the optical 
signal A1 (wavelength 1550nm) corresponds to the opti- 
cal control information A1' (wavelength 1530nm), the 
optical signal A2 (wavelength 1551nm) corresponds to 
the A2' (wavelength 1531nm). and the optical signal A3 
(wavelength 1552nm) corresponds to the A3' (wave- 
length 1532nm), the optical signal B1 (wavelength 
1530nm) corresponds to the optical control information 
B1' (wavelength 1550nm), the optical signal B2 (wave- 
length 1531nm) corresponds to the optical control infor- 



mation B2' (wavelength 1551nm), the optical signal B3 
(wavelength 1532nm) corresponds to optical control 
information B3' (wavelength 1552) so that an optical 
control information Am' corresponding to a specified 
optical signal Am can be set beforehand to identify 
which optical signal (in this case Bm) is being over- 
lapped. 

[0168] The optical signals B1, B2, B3, ... Bn and the 

optical control information A1 ', A2*. A3' An' are input 

to the optical input detection unit 1 6 and the optical con- 
trol-information input detection unit 19. A portion of the 
input light is branched off by the optical splitter 24 and 
isolated into the respective wavelengths by the optical 
coupler 48. The optical power for each wavelength is 
detected in the optical detectors 25-1, 25-2, 25-3. The 
detected signals are next respectively isolated and one 
of the detected, isolated signals input to the average 
detection circuits 26-1 , 26-2, 26-3. After detection of the 
average value of the detected signal, the result is trans- 
mitted as the optical power monitor value to the optical 
control-information generating unit 1 7. 
[01 69] The other branch of the detection signal on the 
other hand is input to the frequency detection circuit 27- 

1, 27-2, 27-3 and after detecting the frequency of the 
detection signal is transmitted to the control unit 20. 
[01 70] The optical power monitor value transmitted to 
the optical control-information generating unit 17 is 
input to the reference setting circuit 49 and the compa- 
rators 29-1 , 29-2 and 29-3. Of the power monitor values 
that are input in the reference setting circuit 49, only the 
maximum power monitor value is used as the reference 
value and allotted to the comparators 29-1, 29-2 and 

29- 3. 

[01 71 ] The power monitor value and the value used as 
the reference value by the reference setting circuit 49 
are compared by means of the comparators 29-1 , 29-2 
and 29-3 and then transmitted to the variable oscillation 
circuits 30-1, 30-2 and 30-3. The frequency of the oscil- 
lator signal from the variable oscillation circuits 30-1, 

30- 2 and 30-3 is changed and made equivalent to the 
size of the frequency corresponding to the reference 
value and transmitted to the corresponding optical vari- 
able gain adjusters 31-1, 31-2, 31-3 in the optical con- 
trol-information introduction unit 13 and the power 
control unit 14. 

[0172] The optical variable gain adjusters 31-1, 31-2, 

31- 3 are capable of changing the light gain value by 
means of an external signal. The gain value for the light 
corresponding to the optical signals A1 (wavelength 
1550nm) A2 (wavelength 1551nm) and A3 (wavelength 
1552nm) of the optical variable gain adjustors 31-1, 31- 

2, 31-3 is modulated by the optical control-information 
generating unit 17; and the result overlapped as the 
optical signal BV (wavelength 1550nm) the optical sig- 
nal B2* (wavelength 1551nm) and the optical signal B3' 
(wavelength 1 552nm) onto the optical signals A1 (wave- 
length 1550nm) A2 (wavelength 1551nm) and A3 
(wavelength 1552nm). 
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[0173] The detected value transmitted to the control 
unit 20 is compared with a pre-established reference 
value 32 by means of the comparators 33-1 , 33-2, 33-3. 
The optical control information sent as the size of the 
frequency in accordance with the compared value is 
made equivalent in size to the corresponding reference 
32 and this control signal sent to the optical variable 
gain adjustors 31-1, 31-2, 31-3 for the optical control- 
information introduction unit 13 and the power control 
unit 1 4. The gain value for the light of the optical signals 
A1 (wavelength 1550nm) A2 (wavelength 1551nm) and 
A3 (wavelength 1552nm) for the optical variable gain 
adjustors 31 -1 , 31 -2, 31 -3 is controlled by means of the 
control signal from the control unit 20 and transmitted. 
[0174] When for instance, the deviation in optical 
wavelength power is controlled to be zero (0) in the opti- 
cal input detection unit 16 and the optical control -infor- 
mation input detection unit 19 for optical control 
information B1 (wavelength 1530nm), B2 (wavelength 
1531nm) B3 (wavelength 1532nm); the optical power is 
preferably greater than any of the wavelengths B1 
(wavelength 1530nm), B2 (wavelength 1531nm) B3 
(wavelength 1532nm). 

[0175] Thus, in this configuration, of the values 
detected by the average detection circuits 26-1, 26-2, 
26-3, by setting the wavelength of the largest monitor 
value as the reference value for the reference setting 
circuit 49, the optical power of the other two wave- 
lengths are capable of being controlled to match the 
optical power of the wavelength with the largest monitor 
value. The reference setting circuit 49 may be config- 
ured to allow selecting the average value of the total 
power or the smallest value of the largest optical power, 
as the reference value. Also, when the deviation of zero 
(0) is set for the normally specified wavelength, the con- 
figuration may be designed to allow the optical power 
monitor value of that wavelength to be selected as the 
reference value. 

[0176] Further, when control is needed of another 
wavelength having a fixed deviation, the above men- 
tioned one optical power monitor value is set as the 
matching reference value for the comparator 29 and a 
reference value having the pre-established deviation 
and a reference value corresponding to the other com- 
parator 29 may be sent. 

[0177] A detailed description of the function of the 
configuration in Fig. 20 is related next. If the deviation 
for all of the optical power monitor values is zero (0), in 
other words, if the reference setting circuit 49 in a nor- 
mal state has a reference value that is a power monitor 
value for one of the wavelengths, then the output from 
the comparator 29 is zero (0). Accordingly, all of the var- 
iable oscillation circuits 30-1, 30-2, 30-3 oscillate at an 
oscillation frequency of for instance 20kHz and as a 
result, the gain value for the optical variable gain adjus- 
tors 31-1. 31-2, 31-3 inside the optical power control 
unit 14 are all modulated at 20kHz. 
[0178] Also, if for instance the optical signal B2 input 



monitor value has a -3dB drop compared to the optical 
signal B1 , and the optical signal B3 input monitor value 
has a -5dB drop compared to the optical signal B1 , then 
the reference value of the reference setting circuit 49 

5 becomes the input monitor value for B1 . At this point, 
the output from the comparator 29-1 is zero (0) and a 
minus (negative) signal is output from the comparators 
29-2, 29-3. The variable oscillation circuit 30-1 oscil- 
lates at a frequency of 20.0kHz in compliance with the 

w above comparator output and the variable oscillation cir- 
cuit 30-2 oscillates at a frequency of for instance 
1 7.0kHz, and the variable oscillation circuit 30-3 oscil- 
lates at a frequency of 15.0kHz. As a result, the optical 
gain value of the variable optical gain adjustor 31-1 is 

1S modulated at 20.0kHz (optical control information BV), 
the optical gain value of the variable optical gain adjus- 
tor 31-2 is modulated at 1 7.0kHz (optical control infor- 
mation B2'), and the optical gain value of the variable 
optical gain adjustor 31 -3 is modulated at 1 5.0kHz (opti- 

20 cal control information B3 1 ). 

[0179] Conversely, if for instance the optical signal B3 
input monitor value has a -3dB drop compared to the 
optical signal B1 , and the optical signal B2 input monitor 
value has a -5dB drop compared to the optical signal 

25 B1 , then the reference value of the reference setting cir- 
cuit 49 becomes the input monitor value for the optical 
signal B3. At this point, the output from the comparator 
29-3 is zero (0) and a minus (negative) signal is output 
from the comparators 29-1. 29-2. The variable oscilla- 

30 tion circuit 30-3 oscillates at a frequency of 20.0kHz in 
compliance with the above comparator output and the 
variable oscillation circuit 30-1 oscillates at a frequency 
of for instance 17.0kHz, and the variable oscillation cir- 
cuit 30-2 oscillates at a frequency of 15.0kHz. As a 

35 result, the optical gain value of the variable optical gain 
adjustor 31-3 is modulated at 20.0kHz (optical control 
information BS'), the optical gain value of the variable 
optical gain adjustor 31-1 is modulated at 1 7.0kHz (opti- 
cal control information B1 "), and the optical gain value of 

40 the variable optical gain adjustor 31-2 is modulated at 
15.0kHz (optical control information B2'). 
[0180] The optical signals A1 , A2, A3, and the optical 
control information B1', B2\ B3' are input to the optical 
input detection unit 16 and the optical control-informa- 

46 tion input detection unit 19. Along with the detection of 
the input power of the optical signals A1 , A2, A3, the fre- 
quencies of the optical control information B1 ', B2\ B3' 
are also detected in the frequency detection circuits 27- 
1 , 27-2, 27-3. If the detected frequencies are 20.0kHz 

so for the optical control information B1 \ 1 7.0kHz for the 
optical control information B2' and 15.0kHz for the opti- 
cal control information B3\ then a zero (0) is output from 
the comparator 33-1 since the reference value 32 is 
equivalent to 20kHz and as a result, the gain value for 

55 the light of the variable optical gain adjustor 31 is main- 
tained. 

[01 81 ] However, when a negative signal is output from 
the comparators 33-2 and 33-3, the gain value of the 
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light of variable optical gain adjuster 31-2, 31-3 corre- 
sponding to the optical signals B2, B3 responds to this 
negative signal is changed to increase the gain. As a 
result, the optical power of the optical signals B1 , B2, B3 
is now capable of feedback control so that the deviation 5 
in optical input detection unit 16 and the optical control- 
information input detection unit 19 becomes zero (0). 
The same operation is also performed in the reverse 
direction for the optical signal A. 
[0182] The bit rates used here for the optical signals 
A1 , A2, A3 and B1 , B2, B3 have a high speed of at least 
1 Megabyte per second and even when simultaneously 
overlapped with a modulation signal of about 20kHz 
there is no effect on the optical signals A1, A2, A3 and 
B1 , B2, B3. There is no effect because a slow signal of 
about 20kHz is easily trapped and eliminated in the opti- 
cal receiving unit 7. 

[0183] Further, this modulation signal is not limited to 
20kHz and may be a different frequency. However, 
when devices are installed having functions to suppress 
fluctuations in optical power or the modulation fre- 
quency on the system circuit for allotting the optical con- 
trol information, then for instance if even at least one 
optical amplifier 12 is installed to maintain the output at 
a fixed level, the frequency should preferably be from 
1kHz to 1 MHz. 

[0184] The reason being that generally, a frequency 
capable of suppressing optical power to a fixed level at 
the output of the optical amplifier 1 2 is 1 kHz or less and 
suppressing power fluctuations below 1 kHz will also the 
adverse effect of eliminating the optical control informa- 
tion. 

[0185] Therefore a frequency from 1kHz to 1MHz is 
preferable to ensure reliable transmission of information 
without exerting an effect on the optical signal. Con- 
versely, when performing output control to a fixed level 
on the optical amplifier 12, the frequency range for sup- 
pressing power fluctuations must be tower than the fre- 
quency for modulating the optical control information. 
[0186] This configuration showed both power adjust- 
ment and modulation performed by means of an optical 
control-information introduction unit 13 and an optical 
power control unit 14 however these functions may be 
isolated and performed separately. 
[0187] Also, according to this configuration, the optical 
control information A1' A2\ A3' is is allotted (sent) along 
with the optical signals B1 , B2, B3 however since optical 
control information (for instance C) is newly overlapped 
by the next optical power control unit 14 and the optica! 
control -information introduction unit 13, so the optical 
control information A1 ' A2\ A3' is automatically deleted. 
[0188] Accordingly, the optical control information can 
be sent without being mixed with the optical control 
information A1 ' A2\ A3' of the previous stage. 
[0189] Further, by simultaneously overlapping the 
optical control information on the optical signal moving 
in the opposite direction, the optical information can be 
easily transmitted without installing a new signal path for 



the optical control information. 

[01 90] The medium for transmitting the optical control 
information is an optical signal so control can be per- 
formed at an exceedingly high speed even over long 
distances. 

[01 91 ] Also in this configuration, the information relat- 
ing to optical power is sent in succession however when 
the optical power in the optical input detection unit 16 is 
fixed continuously over a long time, the optical power 
maybe fixed once the optical control information is sent 
and the optical power may then be controlled to a spe- 
cific value by the optical power control unit 14. In cases 
where fluctuations in optical power occur over an 
extremely slow period in the optical input detection unit 
16, the optical power control unit 14 may be adjusted 
intermittently over a fixed time period. 
[0192] As transmission mediums this invention is fur- 
ther not limited to optical fibers for optical signal trans- 
mission paths or paths for transmission of information. 
For instance, this invention is also effective on transmis- 
sion mediums in which optical power fluctuations are 
likely to occur after transmission of the optical signal. 
[0193] The medium for sending optical control infor- 
mation is not limited to an optical signal in the reverse 
direction and a medium may be newly installed for send- 
ing optical control information. For instance, an optical 
control signal of a wavelength differing from that of the 
newly installed optical transmission unit can be trans- 
mitted and the optical control information thus sent. In 
this way, a control configuration can be achieved which 
exerts absolutely no effect on the optical signal that 
must be transmitted. 

[0194] On the other hand, this configuration is also 
adaptable to cases in which for instance, on the three 
wavelength paths on which the optical variable gain 
adjustors 31-1,31-2,31 -3 are installed, each of the 2, 3. 
4 type optical wavelength signals are grouped as (A1 , 
A2) (A3, A4, A5), (A6, A7, A8, A9) and transmitted. 
[0195] At this time, in the optical control -information 
introduction unit 1 3 since the optical control information 
is overlapped on each group, the same optical control 
information is overlapped on all the optical wavelength 
signals of the same group. Accordingly, these groups 
may normally be detected by the optical input detection 
unit 16 and the optical control -information input detec- 
tion unit 19. In such a configuration, even in the unlikely 
event that an optical wavelength signal inside a group is 
lost, the other optical signals within the same group will 
transmit the optical control information so that control 
can still be achieved without cutting off the information 
transmission. 

[0196] In the above configuration, an optical amplifier 
12 is installed in the post stages of the optical input 
detection unit 16 and the optical control -information 
input detection unit 1 9 however the optical input detec- 
tion unit 16 and the optical control-information input 
detection unit 19 may instead be installed at the rear 
stage of the optical amplifier 12. However, the wave- 
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length dependence of the gain of the optical amplifier 1 2 
is known to change according to the rate of amplifica- 
tion. Accordingly, when installing the optical input detec- 
tion unit 16 in the rear stages of the optical amplifier 12, 
the amplification rate of the optical amplifier 12 should 
be maintained at a fixed rate. The reason being that a 
fixed amplification rate allows suppressing changes in 
the gain due to wavelength dependence and because 
subtracting the wavelength dependence from the optical 
power of the rear stages of the optical amplifier 12 
allows obtaining a remaining value which matches the 
optical power in the front stages of the optical amplifier 
12. 

[0197] In the same way, when an optical input detec- 
tion unit 1 6 or an optical control -information input detec- 
tion unit 1 9 is installed in the rear stages of the optical 
amplifier unit 12, the deviation in gain within the wave- 
length after the optical amplifier unit 1 2 is affected by the 
optical amplifier however, the signal peak noise ratio 
(amplified spontaneous emission of optical components 
from the optical amplifier) is maintained both prior to 
and after the amplifier. Accordingly, a substitute figure 
for the deviation in gain within a wavelength in the 
prestages of the optical amplifier unit 12 can be 
obtained using the ratio of the specific peak optical 
power and the amplified spontaneous emission in that 
vicinity. 

[0198] When the optical control information is cut off 
for some reason in any of the above cases, a counter- 
measure must be implemented in order to ensure con- 
trol stability and transmission system reliability. Figure 
21 shows an example of a first countermeasure 
method. 

[0199] Inside the optical control -information introduc- 
tion unit 13 and the power control unit 14, the adjust- 
ment values of the optical variable gain adjustors 31-1, 
31-2, 31-3 is stored as an average value for a fixed time 
in the hold circuits 50-1, 50-2, 50-3. When a cutoff or 
interruption of the optical control information is detected 
by means of the optical control information cutting 
detection circuits (or loss of optical control -information 
detection circuit) 51-1, 51-2, 51-3 installed inside the 
control unit 20, the detection results are transmitted to 
the hold circuits 50-1, 50-2, 50-3. The optical variable 
gain adjustors 31-1, 31-2, 31-3 up until now controlled 
with signals from the comparators 33-1 , 33-2, 33-3 are 
stored as adjustment values in the hold circuits 50-1, 
50-2. 50-3 in an arrangement allowing control and 
switching. 

[0200] In a configuration of this type, even if the optical 
control information is cut off. the optical variable gain 
adjustors 31-1, 31-2, 31-3 are capable of holding cor- 
rect values from the past information and are well able 
to maintain a reliable system allowing simple and stable 
control. 

[0201] In an example of the second countermeasure 
method, though not shown in the drawing, when for 
instance an optical control information A2' is cut off, the 



average frequency value of A3' and the frequency value 
of the optical control information A1 ' is set as the optical 
control information A2' that is cut off. Generally, the 
deviation in gain in wavelength in an optical transmis- 

5 sion system is a characteristic that changes smoothly 
versus the wavelength. Accordingly, the average values 
of the optical signal A1 and A3 which adjoin the optical 
signal A2 can be processed to yield information 
extremely close to that of the optical information A2\ 

w [0202] Figure 22 shows an example derived from the 
end terminal unit 1. The optical transmission unit 6 is 
comprised of the optical transmitters 34-1 through 34-n. 
A portion of each of the optical signal that are sent are 
tapped off (branched off) by means of the optical trans- 

15 mission detection circuit 52 and this branched off light is 
detected and the detection results transmitted to the 
optical control-information generating unit 1 7. The pres- 
ently used wavelengths are counted in the optical con- 
trol-information generating unit 17 and transmitted as 

20 optical information to the optical variable gain adjuster 
31 inside the optical control-information introduction unit 
1 3 and then sent to the final stages of the optical ampli- 
fier relay unit 3 or the end terminal unit (not shown in 
drawing). By means of this information, the optical 

25 power and gain of the optical amplifier 12 are switched 
in order to obtain a specific optical output in the final 
stages of the optical amplifier relay unit or the end termi- 
nal unit (not shown in drawing). The switching medium 
in this configuration is limited to an optical amplifier and 

30 may for instance be an an optical switch or an optical 
receiving unit. 

[0203] The position to report changes in the wave- 
length constant is not limited to the end terminal station, 
and preferably is the point where changes in the wave- 
35 length constant occur such as for instance the optical 
switch. 

[0204] Further, if the wavelength constant to be 
switched to is determined beforehand, prior to counting 
the wavelength constant by detecting the actual optical 
40 power, then this wavelength constant can be sent as 
optical control information to make the configuration 
capable of switching to the correct gain or optical power 
as needed and the optical signal can be stably transmit- 
ted without delay during switching. 
45 [0205] Figure 22 shows a specific configuration of the 
optical power control unit 14 and an optical coupler. The 
configuration of Fig. 23 is described in Japanese Patent 
Laid-Open No. 8-278523 and the corresponding US 
application 08/626951 is hereby incorporated by refer- 
so ence. This configuration is comprised of an optical cou- 
plers 26, 27, 43 to couple an optical signal into the 
signal wavelength band X1, X2, XZ, an optical power 
control units 14-1 .14-2,1 4-3 to adjust the optical power 
of A.1 , A2, A3, branched off into the respective paths, and 
55 optical couplers 39, 38, 42 to merge the adjusted wave- 
length bands X1. X2, A.3. 

[0206] The optical variable gain adjustors 31 -1 , 31 -2, 
31-3 inside the optical power control units 14-1, 14-2, 
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1 4-3 are comprised of rare-earth doped optical fiber 53- 
1, 53-2, 53-3 such as for instance optical fiber with 
erbium added, a pumping light source (or optical pump- 
ing source) 54-1 , 54-2 54-3 such as for instance a 1480 
semiconductor laser, and optical couplers 55-1 , 55-2, 
55-3. By adjusting the excitation light of the pumping 
light source 54-1 , 54-2 54-3, the optical signals of the 
wavelength band input to the optical power control units 
14-1, 14-2, 14-3 are capable of being respectively 
amplified or attenuated. 

[0207] The configuration of Fig. 23 has optical power 
control unit installed on every path however the wave- 
length deviation can be set so that the power output or 
gain of one wavelength band is equivalent to a refer- 
ence value. Accordingly, the optical power control unit 
14-1 may for instance be omitted. Also, in the configura- 
tion of Fig. 20, the explanation is for three paths in order 
to simplify the description however when splitting into n 
paths, optical power control units can be installed in par- 
allel and the optical coupler constant increased in order 
to handle the output. Further, the optical signal wave- 
length band Xn is defined by the wavelength by the 
wavelength intervals and Xn can contain any number of 
signal wavelengths. 

[0208] The above information described the Japanese 
Patent Laid-Open No. 8-278523 however in this inven- 
tion, the configuration of Fig. 23 is also comprised of a 
pumping light sources 54-1, 54-2 54-3 in the optical 
power control units 14-1, 14-2, 14-3 controlled by the 
optical control-information generating unit 1 7 or the con- 
trol unit 20. This arrangement allows optical control 
information to be generated by the optical power control 
units 14-1, 14-2, 14-3 and the optical power to be 
adjusted at the same time. 

[0209] Further, the optical coupler shown in Fig. 23 
may use as one example, the configuration shown in the 
Japanese Patent Laid-Open No. 8-278523 and in such 
a case the overall configuration is shown in Fig. 24. 
[021 0] The optical power control units 14-1, 1 4-2, 1 4- 
3 are omitted from Fig. 24 in order to simplify the expla- 
nation. In the figure, the light is split into three equal 
parts by a 1 X3 optical star coupler 56. Next, of these 
equal portions of light, the light of A.1 only is passed 
through the optical filter 57-1 having a bandpass for A.1 , 
the light of X2 only is passed through the optical filter 57- 
2 having a bandpass for X2, and the light of A3 only is 
passed through the optical filter 57-3 having a bandpass 
for A3. These wavelengths are also capable of being 
coupled by a 1X3 optical star coupler. 
[021 1 ] Here, if A.1 >A2>A3, a low band-pass filter may 
also be utilized as the optical filter 57-1 as a filter to 
block the wavelengths X2, A3. Also, a high band-pass fil- 
ter may be utilized as the optical filter 57-3 to block light 
not less for instance than A3. 

[0212] These optical couplers 36. 37, 43, 38, 39, 42 
may allow high precision optical power adjustment of 
each wavelength. When the number of overlapped 
wavelengths bands is increased such as with A.1 , X2, A3, 



A.4, ... Xn, the number of optical star couplers 56, 58 may 
be increased correspondingly, and the number of optical 
filters 57 also increased to match the number of cou- 
plers. 

s [0213] Needless to say, the optical couplers may be 
capable of coupling to each wavelength band and are 
not limited to the 1 X3 optical star couplers 56, 58. The 
example of the optical variable gain adjusters 31 is 
described in more detail using Fig. 25 as related in the 

w Japanese Patent Laid-Open No. 8-278523. In order to 
simplify the description, the optical variable gain adjus- 
ters 31 -n is utilized in the figure. However, for actual use 
a variable gain adjuster, is preferably configured to 
match the wavelength dependence in the respective 

is path according to the amount of attenuation, amplifica- 
tion or attenuation and amplification on each path, and 
if the variable gain adjusters arrayed in parallel are 
absolutely the same then such variable gain adjusters 
are not required. 

20 [021 4] In Fig. 25, if the pumping light source 54-n is for 
instance an excitation light emitted from an 820nm light 
emitting diode, then the excitation light is supplied to the 
rear end of the (erbium) rare-earth doped fiber 53 -n by 
way of the optical coupler 55-n and pumping performed. 

25 The Xn is input from the front side of the (erbium) rare- 
earth doped fiber 53-n and after receiving amplification 
or attenuation is then output. 

[0215] The pumping light source 54-n is controlled 
externally from the optical control-information generat- 

30 ing unit 17 (not shown in drawing) or the control unit 20 
(not shown in drawing). Here, the excitation light may 
also be input from the prestages of the (erbium) rare- 
earth doped fiber 53-n. Also, a semiconductor amplifier 
may also be utilized as the optical variable gain adjuster 

35 31 -n and in such cases the excitation current may be 
controlled from the optical control-information generat- 
ing unit 1 7 (not shown in drawing) or the control unit 20. 
[021 6] The reason for using the optical variable gain 
adjuster 31 -n in the configuration of Fig. 25 is given 

40 next. Generally, optical amplifiers utilized in optical 
amplifying mediums, function to amplify the light when 
excitation power is being applied, however when the 
excitation power being supplied is small or is zero (0), 
then the light is utilized as an attenuation medium. In the 

45 example in Fig. 22, the optical variable gain adjuster 3 1 - 
n is comprised of a rare-earth doped fiber 54-n, a pump- 
ing light source 54-n and an optical coupler 55-n so that 
when the pumping (excitation) power is small the optical 
variable gain adjuster 31 -n can function to have a nega- 

50 tive gain, and when the pumping (excitation) power is 
large, the optical variable gain adjuster 31 -n can func- 
tion to have a positive gain. 

[021 7] The optical power is capable of being adjusted 
just by increasing or decreasing the pumping (or excita- 
55 tion) power so that a optical variable gain adjuster 31-n 
can be provided capable of being simply and easily set 
for optical output power, gain or deviation in wavelength 
on each separate wavelength. Further, the amplification 
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wavelength band has a width sufficient to cover the 
band of the multiplexed (overlapped) signal so an opti- 
cal variable gain adjustor 31 -n can be provided for use 
on each of the respective wavelengths. 
[0218] The erbium rare-earth doped fiber 53-n utilized 
in this configuration does not require an excessive 
amplification characteristics so an optical fiber of a 
dozen meters or a fiber waveguide of a dozen or so cen- 
timeters will suffice. Generally, pumping (or exciting) the 
rare-earth doped fiber causes an amplified spontane- 
ous emission light discharge which is the noise compo- 
nents of the light. This amplified spontaneous emission 
has little total additive content within the rare-earth 
doped fiber and is capable of being suppressed, the 
less the power of the pumping source. Accordingly, the 
total additive content of erbium is preferably within 
SOOOOppm per meter, and the pumping light source 
power is preferably within 30 milliwatts. Further, the 
erbium need not always be in a fiber shape and may be 
added to the lens, etc. 

[0219] In the above description, the output of the 
830 nm light emitting diode 54- n is within 50 milliwatts as 
used in the pumping light source 54-n. Generally, when 
using rare-earth doped fibers as amplification mediums, 
a high output semiconductor laser having a wavelength 
of 980nm or 1480nm will be effective in providing high 
gain. However in fig. 22, the pumping light source 54-n 
used in the optical variable gain adjustor 31 -n as 
described above is more than adequate for use even in 
low output light sources or light sources having band- 
widths with low gain. Accordingly, the applicable range 
of the pumping light source 54-n usable in this configu- 
ration is wide and can for instance be utilized with low 
output light sources in for instance the vicinity of 520nm, 
660nm, 820nm, 980nm and 1480nm. The light emitting 
diode 54-n used in the vicinity of 830nm in this configu- 
ration is particularly suitable in terms of a low cost and 
procurability and so can be used to comprise the optical 
variable gain adjustor 31-n at a low cost. 
[0220] Another adaptation of this invention is shown in 
Fig. 26. In this figure, the end terminal unit 1 . the first 
optical amplifier relay unit 3-1, the second optical ampli- 
fier relay unit 3-2, and the end terminal unit 4 are all con- 
nected by an approximately 90 kilometer transmission 5 
in a bidirectional optical transmission system. A multi- 
plexed wavelength signals u1 to u16, and v1 to v16 are 
transmitted bidirectionally between the end terminal 
units 1 and 4. 

[0221 ] In Fig. 27, a detailed structural view of the end 
terminal units 1 and 4 is shown. The end terminal unit 1 
layout is shown in the drawing. . The optical transmis- 
sion unit 6 is comprised of the optical transmitter 34-1 
(u1 =1548.51 [nm]), the optical transmitter 34-2 
(u2=1 549.32 [nm]), the optical transmitter 34-3 
(u3=1 550.12 [nm]), the optical transmitter 34-4 
(u4=1 550.92 [nm]), the optical transmitter 34-5 
(u5=1551.72 [nm]), the optical transmitter 34-6 
(u6=1 552.52 [nm]), the optical transmitter 34-7 



(u7=1 553.33 [nm]), the optical transmitter 34-8 
(u8=1554.13 [nm]), the optical transmitter 34-9 
(u9=1 554.94 [nm]), the optical transmitter 34-10 
(u10=1555.75 [nm]), the optical transmitter 34-11 

5 (u11=1556.55[nm]), the optical transmitter 34-12 
(u12=1557.36 [nm]), the optical transmitter 34-13 
(u13=1558.17 [nm]), the optical transmitter 34-14 
(u14=1558.98 [nm]), the optical transmitter 34-15 
(u15=1559.79 [nm]), the optical transmitter 34-16 

io (u 16= 1560.61 [nm]) and transmits a 16 channel optical 
signal. Here, X3 is set for 1554.13±7.2[nm]. The A3 is a 
wavelength band including at least the optical signals u1 
tou16. 

[0222] The transmitted optical signals are branched 
is off at portion by the optical signal transmission detec- 
tion circuit 52. The branched off (or tapped off) light is 
detected and the detection results transmitted to the 
optical variable gain adjusters 31 for the corresponding 
wavelength in the optical control-information introduc- 
20 tion unit 13 and the power control unit 14. In the event a 
cut off of the transmission signal is detected, this 
arrangement functions to stop the optical variable gain 
adjusters 31. 

[0223] Further, the optical transmission signals that 

25 passed the optical signal transmission detection circuit 
52, then input the optical control information by means 
of the optical control-information introduction unit 13 
and the power control unit 14 and also, after adjustment 
of the optical power, are coupled in a single fiber by 

30 means of optical couplers. The now coupled, multi- 
plexed (overlapped) optical signal is passed through a 
dispersion compensator to compensate for dispersion 
which is characteristic of optical fibers and is also 
passed through a coupler. After amplification by way of 

35 an optical amplifier 12, the optical signal is then input to 
a optical fiber by way of an optical coupler. Here, the dis- 
persion comparator 60 may be installed in both the 
prestages and poststages of the optical amplifier unit. 
[0224] On the other hand in the end terminal unit 4 on 

40 the other end, the optical transmission unit 6 is com- 
prised of the optical transmitter 34-1 (v1 =1530.33 [nm]), 
the optical transmitter 34-2 (v2=1531.12 [nm]), the opti- 
cal transmitter 34-3 (v3=1531.90 [nm]), the optical 
transmitter 34-4 (v4=1 532.68 [nm]), the optical transmit- 

45 ter 34-5 (v5= 1533.47 [nm]), the optical transmitter 34-6 
(v6= 1534.25 [nm]), the optical transmitter 34-7 
(v7= 1535.04 [nm]), the optical transmitter 34-8 
(v8= 1535.82 [nm]), the optical transmitter 34-9 
(v9=1538.19 [nm]), the optical transmitter 34-10 

so (v1 0=1538.98 [nm]), the optical transmitter 34-11 
(v1 1=1539.77 [nm]), the optical transmitter 34-12 
(v1 2=1540.56 [nm]), the optical transmitter 34-13 
(v1 3=1541 .35 [nm]), the optical transmitter 34-14 
(v14=1542.14[nm]), the optical transmitter 34-15 

55 (v1 5=1542.94 [nm]), the optical transmitter 34-16 
(v1 6=1543.73 [nm]) and transmits a 16 channel optical 
signal. Here, X1 is set for 1533.08±X3.2[nm] and X2 is 
set for 1540 ±3.2[nrn]. .Also, X2 is a wavelength band 
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including at least the optical signals v1 to v16. 
[0225] The transmitted optical signals are branched 
off at portion by the optical signal transmission detec- 
tion circuit 52. The branched off (or tapped off) light is 
detected and the detection results transmitted to the 
optical variable gain adjusters 31 for the corresponding 
wavelength in the optical control-information introduc- 
tion unit 13 and the power control unit 14. In the event a 
cut off of the transmission signal is detected, this 
arrangement functions to stop the optical variable gain 
adjustors 31. 

[0226] The optical transmission signals that passed 
the optical signal transmission detection circuit 52, then 
input the optical control information by means of the 
optical control-information introduction unit 13 and the 
power control unit 14 and also, after adjustment of the 
optical power, are coupled in a single fiber by means of 
the optical coupler 59. The now coupled, multiplexed 
(overlapped) optical signal is passed through a disper- 
sion compensator 60 to compensate for dispersion 
which is characteristic of optical fibers and is also 
passed through a coupler 11. After amplification by way 
of an optical amplifier 12, the optical signal is then input 
to a optical fiber 15 by way of an optical coupler. Here, 
the dispersion comparator 60 may be installed in both 
the prestages and poststages of the optical amplifier 
unit 12. 

[02271 In the end terminal unit 1 , the optical signals v1 
through v1 6 are input to the optical coupler 1 1 by way of 
the optical fiber 15 and then input to the optical control- 
information input detection unit 19. The optical control- 
information input detection unit 19 is involved with the 
optical amplifier relay unit 3 and so is described later on. 
The optical signal that passed the optical control-infor- 
mation input detection unit 19, passes through the opti- 
cal amplifier 12 and the gain equalizing filter 61 and is 
input to the optical coupler 1 1 . Further, after compensa- 
tion of the dispersion amount in the dispersion compen- 
sator 60, the optical signal is received in the optical 
receivers 41-1 through 41-16 by way of the optical cou- 
pler 59 corresponding to the optical receiving unit 7 and 
the optical input detection unit 16 and the optical con- 
trol-information input detection unit 19. 
[0228] In the end terminal unit 4, the optical signals u1 
through u6 from the optical fiber are input to optical cou- 
pler and then input to the optical input detection unit 16 
and the optical control-information input detection unit 
19. The optical control-information input detection unit 
19 relates to the optical amplifier relay unit 3 and so is 
described later on. The optical signal that passed the 
optical control-information input detection unit 19, 
passes through the optical amplifier 12 and the gain 
equalizing filter 61 and is input to the optical coupler 59. 
Further, after compensation of the dispersion amount in 
the dispersion compensator 60, the optical signal is 
received in the optical receivers 41-1 through 41-16 by 
way of the optical coupler 59 corresponding to the opti- 
cal receiving unit 7 and the optical input detection unit 



16 and the optical control-information input detection 
unit 19. The gain equalizing filter 61 eliminates the 
wavelength gain dispersion of the optical amplifier 12. 
[0229] In the end terminal units 1 and 4, the input 

5 power values detected in the optical receiving unit 7, the 
optical input detection unit 16 and the optical control- 
information input detection unit 1 9 are sent to the optical 
control-information generating unit 17 and information 
relating to the size of the target value for the optical 

10 power monitor value is sent from the optical control - 
information generating unit 17 to the optical control- 
information introduction unit 13. By this process, the 
optical control information vT through v16' are respec- 
tively multiplexed onto the optical signals u1 through 

is u16 and the optical control information u1* through u16' 
are multiplexed onto the optical signal v1 through v16. 
In parallel with this process, the optical control informa- 
tion u1 1 through u16' or v1 ' through v1 6* are detected by 
way of the optical control -information input detection 

20 unit 19 in the end terminal units 1 and 4, and the 
detected information is sent to the control unit 20. The 
control unit 20 complies with this information and makes 
the optical power control units 14-1 through 14-16 func- 
tion to adjust the power within the specified value. In this 

25 point, the process does not differ from the above men- 
tioned configuration. 

[0230] Next, a detailed structural layout of the optical 
amplifier relay unit 3-1 and the optica! amplifier relay 
unit 3-2 is shown in Fig. 28 and Fig. 29. Figure 28 is an 
30 adaptation of the configuration explained in detail by 
means of Fig. 13. Figure 29 on the other hand, is an 
adaptation of the configuration explained in detail by 
means of Fig. 18. 

[0231] In Fig. 28 and Fig. 29, the optical signals A1 
35 and X2 are input to the optical amplifier relay unit 3-1 
from the right while the optical signal A3 is input from the 
left. Both Fig. 28 and Fig. 29 are explained according to 
the method utilized in the Japanese Patent Laid-Open 
No. 8-278523 for branching off (or distributing) the sig- 
40 nal wavelength band into A1 , A2 and A3 and performing 
separate adjustments of each. 

[0232] The optical signals in Fig. 28 are coupled 
beforehand into (A,1), (A2.) and (A3) by means of an opti- 
cal coupler 1 1 and the optical couplers 38 and 38 divide 
45 (A.1), (X2,) in two paths in order to pass different paths 
and undergo amplification. 

[0233] In Fig. 29, since the optical signals (A1 , A2, A3) 
pass a single path and are amplified, a configuration 
branching (A1) (A2.) and (A3) into three paths by means 
50 of the optical couplers 42, 43 is utilized. In any case, the 
effect of the invention can be increased by utilizing the 
method described in the Japanese Patent Laid-Open 
No. 8-278523. 

[0234] The configuration of Fig. 28 is explained first. 
55 The optical signal A3 (as well as the optical control infor- 
mation v1' through v16*) is passed through the optical 
input detection unit 63-2 and amplified in the optical 
amplifier unit 12, and after adjustment in the optical 
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power control unit 14-3 is input to the dispersion com- 
pensator 62-2. The optical signal A3 (as well as the opti- 
cal control information v1* through V16 1 ) from the 
dispersion compensator 62-2, is amplified by the optical 
amplifier 12 and after passing through the optical input 5 
detection unit 64-2, is sent along the transmission path 
by the optical coupler 1 1 . 

[0235] The optical input detection unit 63-2 detects a 
portion of the X3 (as well as the optical control informa- 
tion vV through V16 1 ) and a detection signal is then 10 
derived from a portion of A3 (as well as the optical con- 
trol information vV through v16*) by the optical input 
detection unit 64-2. The control unit 65 then regulates 
the amount of amplification from the optical amplifier 12 
and also controls the optical power control unit 14-3 in 15 
this configuration. 

[0236] This configuration controls only the amount of 
amplification from the optical amplifier 12 by means of 
the detection signal detected with the optical input 
detection unit 64-2, and the output power of X.3 (as well 20 
as the optical control information vV through V16 1 ) is 
controlled to reach +17dBM. 

[0237] On the other hand, the signal detected by the 
optical input detection unit 63-2 is adjusted to a certain 
amount by the optical power control unit 14-3. In the 2s 
optical amplifier 12, the gain equalizing is wavelength 
dependent, changing according to the input power. The 
optical power control unit 14-3 as described in the Jap- 
anese Patent Laid-Open No. 8-278523, control is per- 
formed according to the input power to the optical 30 
amplifier 12 so that wavelength dependence of the gain 
equalizing is capable of being eliminated. 
[0238] The optical signals A.1 and XZ (as well as the 
optical control information uV through u16*) is passed 
through the optical input detection unit 63-2 and ampli- 35 
f ied in the optical amplifier unit 12 after which the optical 
coupler 37 branches the optical signals A,1 and X2 into 
two paths. After the now branched off optical signal A1 
is sent as is to the optical coupler 38 and the optical sig- 
nal 72 adjusted in the optical power control unit 14-2, 40 
the two signals are merged in the optical coupler 38 and 
passed through the dispersion compensator 62-1. The 
optical signals 1 and X2 are then amplified in the optical 
amplifier 12, passed through the optical input detection 
unit 64-1 and sent to the transmission path by means of 45 
the optical coupler 1 1 . 

[0239] Based on the signal detected by the optical 
input detection unit 63-1 from a portion of the optical 
signals A.1 and X2. (as well as the optical control informa- 
tion uV through U16 1 ) and detected by the optical input so 
detection unit 64-1 from a portion of the amplified opti- 
cal signals X.1 and A.2 (as well as the optical control infor- 
mation uV through u16'), the control unit 65 is 
configured to control both the amplification amount of 
the optical amplifier 12 and the optical power control ss 
unit 14-2. 

[0240] In this configuration for instance, just the ampli- 
fication rate of the optical amplifier 12 is controlled by 



means of the detection signal detected by the optical 
input detection unit 63-1 , and with the optical signals A.1 
and A2 (as well as the optical control information uT 
through u16*) control is achieved to reach a total output 
power of +1 7dBm. On the other hand, control of just the 
adjustment amount of the optical power control unit 14- 
2 by means of the signal detected by the optical input 
detection unit 64-1 so that power of the optical signals 
A.1 and X2 are equivalent to each other or so that control 
is achieved to eliminate the wavelength dependence on 
gain equalization. 

[0241] The configuration of Fig. 29 is explained next. 
The optical signals X1 , A.2 and XZ (as well as the optical 
control information uV through u16' and vV through 
v16') pass through the optical coupler 21 and after 
amplification in the optical amplifier 12, pass through 
the optical coupler 42 and are isolated into three paths. 
The optical signals A.1, X2 and A3 are adjusted by 
means of the optical power control units 14-2, 14-3 
installed on two of these three paths and by the remain- 
ing single path. 

[0242] Hie three paths mentioned above are again 
merged into one path by the optical coupler 43, passed 
through the dispersion compensator 62 and then ampli- 
fied by the optical amplifier 1 2. Based on a portion of the 
optical signals XI , X2 and A3 (as well as the optical con- 
trol information uV through u16' and v1' through v16') 
detected by the optical input detection unit 63 and a por- 
tion of the optical signals A,1, A2 and A3 (as well as the 
optical control information uV through u16' and vV 
through v16') detected by the optical input detection unit 
64; the control unit 65 in this configuration achieves con- 
trol by means of the amplification rate of the optical 
amplifier 12 and the optical power control units 14-2, 14- 
3. 

[0243] In this configuration for instance, the amplifica- 
tion rate of the optical amplifier 12 is controlled by 
means of the signal detected with the optical input 
detection unit 63 and control is achieved so that the 
combined optical signals A.1, X2 and A3 (as well as the 
optical control information uV through u16' and vV 
through v16') from the optical amplifier 12 reach a total 
power of +17dBm. 

[0244] On the other hand, the adjustment amount of 
the optical power control unit 14 is controlled by means 
of the detection signal detected with the optical input 
detection unit 64 and the optical signals A.1 , X2 and A3 
(as well as the optical control information vV through 
v\&) and the optical signals A.1, X2 and A3 (as well as 
the optical control information uV through u^O so that 
the respective power of these optical signals is equiva- 
lent. The controlled optical signals A.1 , A2 and A3 (as 
well as the optical control information vV through v16*) 
and the optical signals A.1 , A2 and A3 (as well as the 
optical control information uV through u16) are once 
again sent bidirectional Ky along the optical fibers 15 and 
1 8 by means of the optical coupler 1 1 . 
[0245] In an actual system, the length of the optical 
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fibers connecting both ends of the optical amplifier relay 
unit 3-1 will not be exactly the same and the amount of 
optical loss will differ. Accordingly, the respective total 
input power of optical signals A.1 , A.2 and A3 (as well as 
the optical control information vT through v16') and the 
optical signals A.1 , X2 and X,3 (as well as the optical con- 
trol information uV through u16*) input to the optical 
amplifier relay unit 3-1 will differ. In the method suited for 
the conventional art for simply achieving a fixed control 
of the total power or gain of the optical amplifier 12, 
these differing inputs will result in differing gains or out- 
puts, bringing about the problem that, according to the 
direction, the optical signal power from the optical 
amplifier relay unit 3-1 will vary. However, by utilizing the 
control in this configuration, the total power of the opti- 
cal signal can be sent which will be equivalent in both 
directions. 

[0246] Next, the functions of the optical control -infor- 
mation input detection unit 19, the optical control-infor- 
mation generating unit 17, the optical power control unit 
14 and the optical control-information introduction unit 
13 in the end terminal unit 1 will be described utilizing 
Fig. 30. 

[0247] As related before, the optica! input detection 
unit 1 6 and the optical control-information input detec- 
tion unit 1 9 control the optical variable gain adjustors 31 
for each wavelength. A portion of the optical input signal 
groups A, B, C are split up by the optical splitter coupler 
71 inside the optical input detection unit 16 and isolated 
into the first path, the second path and the third path by 
means of the optical coupler 72 and are respectively 
detected by the optical detectors 73-A, 73-B, 73-C. The 
detected input monitor values are input to the average 
detection circuits 74-A, 74-B, 74-C and the average 
monitor value matching the optical signal group C is 
compared with the average monitor values matching the 
optical signal group A and the optical signal group B in 
the comparators 75-A, 75-B. A frequency is generated 
by the variable oscillation circuits 76-A, 76-B according 
to the difference versus the average monitor value of the 
optical signal group C, and set at the optical control 
information group A' of the optical signal group A and 
the optical control information group B' of the optica] sig- 
nal group B. 

[0248] As shown in the figure, the optical variable gain 
adjustors 31-1 through 31-16 divide beforehand the 
optical control information group A' and optical control 
information group B' into two groups. So that for 
instance, the optical signals u1 through u8 correspond- 
ing to the optical variable gain adjustors 31-1 through 
31-8 are taken for optical control information group A'; 
and the optical signals u9 through u1 6 corresponding to 
the optical variable gain adjustors 31-9 through 31-16 
are taken for optical control information group B\ This 
configuration makes the optical variable gain adjustors 
function for the group corresponding to frequencies 
from the variable oscillation circuits 76-A, 76-B and 
finds the optical control information group A' and the 



optical control information group B' from the end termi- 
nal unit 1 . 

[0249] The optical control information group A' and the 
optical control information group B' from the end termi- 

5 nal unit 1 pass through the optical amplifier relay units 
3-1 , 3-2 and are input to to the end terminal unit 4. The 
structure of the end terminal unit 4 is basically the same 
as the end terminal unit 1 however the optical input 
detection unit 16 for detecting the difference in the opti- 

io cat control information A, B, C of the optical signal 
groups is replaced by the optical control-information 
input detection unit 19 for detecting the optical control 
information groups A* and B\ 

[0250] The compensation of optical loss is further eas- 

15 ily and effectively performed when an optical amplifier is 
installed between the optical couplers 36 and 38. 
[0251 ] A specific example of a configuration of an opti- 
cal control-information input detection unit 19 in the end 
terminal unit 4 is shown in Fig. 31. After splitting 

20 (branching off) a portion of the optical signals u1 
through u16 by means of the optical coupler 77, the 
optical control information group A' and the optical con- 
trol information group B' are divided into the weighted 
optical signals u1 through u8 and u9 through u16. 

25 These separated optical control information group A' 
and optical control information group B' signals are 
detected by means of the optical detectors 79-A, 79-B 
and after detection of the frequency by the frequency 
detection circuits 80-A, 80-B, the optical control infor- 

30 mation group A' is once again sent to the optical varia- 
ble gain adjustors 31-1 through 31-5 corresponding to 
the optical signal group A, and the optical control infor- 
mation group B' is once again sent to the optical varia- 
ble gain adjustors 31-7 through 31-1 6 corresponding to 

35 the optical signal group and guided out from the end ter- 
minal unit 4. In other words, the optical control-informa- 
tion generating unit 17 for taking in the optical signal 
group A, and the optical control information group B' of 
the end terminal unit 4, detects and reproduces the opti- 

40 cal control information group A', and the optical control 
information group B' and once again the optical control 
information group A', and the optical control information 
group B' are output. 

[0252] These optical signals (per groups A' and B') are 
45 passed through the optical amplifier relay unit 3-2 and 
are input to the optical amplifier relay unit 3-2. Inside the 
optical amplifier relay unit 3-2, the optical control infor- 
mation group A' (optical signal group A), and the optical 
control information group B' (optical signal group B) are 
so taken into the optical control-information input detection 
unit 19, in a configuration where the optical power unit 
14 adjusts the power to a specified value by means of 
the control unit 20. 

[0253] In the above example, the optical signaJ group 
55 that weighted the optical control information group A', 
and the optical control information group B' is the optical 
signals u1 through u8 as well as u9 through u16 or the 
optical signal group A or the optical signal group B how- 
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ever a configuration may also be used that weights only 
a certain number within these groups. For instance, 
optical control information may be weighted for only the 
optical signals u1 through u5 and for u 12 through u16. 
Implementing such a configuration allows expanding 
the wavelength intervals between groups and makes 
splitting the wavelength easy by means of the optical 
coupler 78. 

[0254] Block diagrams of the flow of the above men- 
tioned optical signals, optical signal groups, optical con- 
trol information and optica) control information groups 
are shown in Fig. 32A, Fig. 32B and Fig. 32C. 
[0255] In Fig. 32A, the optical signals v1 through v16 
detected by the optical input detection unit 16 inside the 
end terminal unit 1 have a deviation in wavelength gain 
which is output as the optical control information vV 
through v16* from the optical control-information intro- 
duction unit 13 approximately 100 p.s after detection, 
and arrives at the optical control -information input 
detection unit 1 9 inside the end terminal unit 4 in a time 
of approximately 1200 us. The optical power control unit 
14 adjusts for a specified value in compliance with the 
optical control information v1 ' through v16* about 100 us 
after arrival and outputs the optical signals vl through 
v16. After a time of approximately 1200 us, the optical 
signals v1 through v16 arrive at the end terminal unit 1 . 
[0256] Conversely, the wavelength gain deviation of 
the optical signals ul through u16 detected by the opti- 
cal input detection unit 16 inside the end terminal unit 4 
is output as the optical control information u1 ' through 
u16' from the optical control-information introduction 
unit 13 after approximately 1200 jas have elapsed, and 
arrives at the optical control-information input detection 
unit 19 inside the end terminal unit 1 in a time of approx- 
imately 1 00 us. The optical power control unit 1 4 adjusts 
for a specified value in compliance with the optical con- 
trol information uV through u16* about 100 \is after 
arrival and outputs the optical signals u1 through u16. 
After a time of approximately 1 200 us, the optical sig- 
nals ul through u16 that are sent, arrive at the end ter- 
minal unit 4. 

[0257] Next, in the configuration in Fig. 32B, the wave- 
length gain deviation for the optical signals groups A, B, 
C detected by the optical input detection unit 16 inside 
the end terminal unit 1 is output as the optical control 
group information group A' and the optical control group 
information group B'from the optical control -information 
introduction unit 13 after approximately 100 us have 
elapsed, and arrive at the optical control-information 
input detection unit 19 inside the end terminal unit 4 in a 
time of approximately 1200 us. Then, about 100 us after 
arrival, in compliance with the optical control group 
information group A' and the optical control group infor- 
mation group B' an output is once again issued from the 
optical control-information introduction unit 13 as the 
optical control group information group A* and the opti- 
cal control group information group B' and in a time of 
approximately 800 *is arrives at the optical control-infor- 



mation input detection unit 19 inside the optical amplifier 
relay unit 3-2. Approximately 100 us after arrival, the 
optical power control unit 14 adjusts for a specified 
value in compliance with the optical control group infor- 
5 mation group A* and the optical control group informa- 
tion group B' and the now adjusted optical signal groups 

A, B, C are now output. These optical signal groups A, 

B, C which have been sent, arrive at the end terminal 
unit 1 in a time of approximately 400 us. 

10 [0258] Finally, in the configuration of Fig. 32C, the 
wavelength gain deviation for the optical signal group D 
and the optical signals groups ( A+B+C) detected by the 
optical input detection units 63, 64 inside the optical 
amplifier relay unit 3-1 is sent after approximately 100 

is }is to the optical amplifier 12 or the optical power control 
unit 14, and the optical signals groups (A+B+C ) or the 
optical signal group D adjusted to a specific value by the 
optical amplifier 1 2 or the optical power control unit 14 is 
then output. Within approximately 1 \is, the optical sig- 

20 nals groups (A+B+C ) or the optical signal group D 
arrive at the optical input detection units 63, 64. 
[0259] The feedback group of Fig. 32 C functions to 
eliminate uneven power distribution in the optical signal 
power output even if the optical signal power distribution 

25 input to the optical amplifier relay unit 3-1 from both 
directions is unequal. 

[0260] The configuration in Fig. 32B is capable of sup- 
pressing the wavelength gain deviation for the optical 
signal groups A, B, C with ±1 .5dB. The wavelength gain 
30 deviation characteristics for erbium doped optical fibers 
are generally the two in Fig. 33 and Fig. 34 so preferably 
are shown separated into groups as shown in the fig- 
ures. 

[0261] Finally, all the respective optical signals of Fig. 

35 32A are capable of being finely adjusted. The total 
wavelength gain deviation can be suppressed within 
±0.2dB. However, it is essential that the adjustment with 
the optical variable gain adjustor 31 in the end terminal 
units 1 and 4 be made so as to obtain a positive gain 

40 and the adjustment range should preferably be limited 
to approximately 5dB. The reason being that adjusting 
for gradual attenuation using a transmit signal with a 
negative gain means a reduction in the signal-to-noise 
(S/N) ratio of the optical signal and decreases the trans- 

45 mission characteristic margin. Also, using an excessive 
adjustment range increases the respective optical sig- 
nal power and increases the nonlinear effect of light in 
the dispersion compensator 60 and optical fiber which 
has the unwanted result of lowering the transmission 

so characteristic margin. 

[0262] Therefore, in this configuration, the feedback 
group of Fig. 32B drastically suppresses wavelength 
deviation and fine adjustments of wavelength deviation 
are the most preferred measure based on the feedback 

55 group of Fig. 32A. Due to this reason, using an optical 
amplifier or optical amplifier and gain equalizing filter to 
reduce the occurrence of wavelength gain deviations 
will make fine adjustments of the overall wavelength 
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gain deviation easy to perform. 

[0263] Generally, a narrow input dynamic range to the 
optical amplifier, in other words, narrowing the allowable 
range of input power is preferable in suppressing wave- 
length gain deviation. In the case of this configuration, 5 
the optical amplifier relay unit 3-2 is comprised merely 
of an optical amplifier and gain equalizing filter so that 
the input dynamic range to the optical amplifier relay 
unit 3-2 is preferably kept narrow. If a deviation in dis- 
tance is present between the optical fibers, then the 10 
optical amplifier relay unit 3-2 is preferably comprised 
by the optical amplifier relay unit connected to the opti- 
cal fiber having the shortest distance. The input optical 
power can be improved by making the connected opti- 
cal fiber a shorter length which in turn allows the is 
dynamic range to be narrowed. Further, by providing the 
types of feedback, control can be continued with normal 
feedback even if one or two of the feedback lines are 
cutoff so that the overall reliability of the optical trans- 
mission system is improved. 20 
[0264] Preferably a digital signal processor (DSP) or a 
microcomputer is used in the frequency detection circuit 
and the comparator. Such devices are capable of digital 
processing of the signal and have good frequency 
detection characteristics. 25 
[0265] A configuration of this type is therefore capable 
of suppressing a 32 channel multiplexed signal within ± 

0. 2.B in a simple configuration and deterioration of the 
signal-to-noise ratio (S/N) can also be suppressed by 
multiplexing so that a stable, high reliability bidirectional 30 
optical transmission system can be obtained. 

[0266] This invention therefore, as described above, 
provides an optical transmission system capable of 
automatic control of the output power of the optical sig- 
nal or gain on separate wavelengths, regardless of the 35 
configuration of the optical transmission system. 

Claims 

1 . An optical transmission system having a plurality of 40 
optical communication devices (1 -4) connected by 
means of an optical transmission medium (5), and 
said optical transmission system comprising: a 
device (16) for detecting the status of the optical 
signal within said optical transmission system, a 45 
device (17) for transmitting optical control informa- 
tion according to the detected status, a detection 
device (13) to detect said optical control information 
that is transmitted and a device (11) to control the 
status of said optical signal according to the so 
detected optical control information. 

2. An optical transmission system having a plurality of 
optical communication devices (1 -4) connected by 
means of an optical transmission medium (5), and ss 
said optical transmission system comprising: a 
device (14) for detecting the power of the optical 
signal within said optical transmission system, a 



device (17) for transmitting optical control informa- 
tion equivalent to the power that is detected, a 
device (13) for detecting said optical control infor- 
mation that is transmitted and a device (1 1) to con- 
trol the status of said optical signal according to the 
detected optical control information. 

3. An optical transmission system having a plurality of 
optical communication devices (1-4) connected by 
means of an optical transmission medium (5), and 
said optical transmission system comprising: a 
device (28-30) for detecting the deviation in wave- 
length gain of the multiplexed optical signal light 
within said optical transmission system, a device 
(17) to transmit optical control information corre- 
sponding to the detected deviation in wavelength 
gain, a device (13) to detect said optical control 
information that is transmitted and a device (31) to 
control the deviation in wavelength gain of said mul- 
tiplexed optical signal according to said optical con- 
trol information that is detected. 

4. An optical transmission system having a plurality of 
optical communication devices (1-4) connected by 
means of an optical transmission medium (5), and 
said optical transmission system comprising: a 
device (16) for detecting the status of the optical 
signal within said optical transmission system, a 
device (17) for transmitting optical control informa- 
tion according to the detected status, an optical 
transmission medium (5) for transmitting said opti- 
cal control information, a detection device (13) to 
detect said optical control information that is trans- 
mitted and a device to control the status of said 
optical signal according to the detected optical con- 
trol information. 

5. An optical transmission system having a plurality of 
optical communication devices (1-4) connected by 
means of an optical transmission medium (5), and 
said optical transmission system comprising: a 
device (14) for detecting the power of the optical 
signal within said optical transmission system, a 
device (1 7) for transmitting optical control informa- 
tion equivalent to the power that is detected, an 
optical transmission medium (5) for transmitting 
said optical control information, a detection device 
(13) to detect said optical control information that is 
transmitted and a device to control said optical sig- 
nal power according to the optical control informa- 
tion that is detected. 

6. An optical transmission system having a plurality of 
optical communication devices (1-4) connected by 
means of an optical transmission medium (5), and 
said optical transmission system comprising: a 
device (16) for detecting the status of the optical 
signal within said optical transmission system, a 
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device for multiplexing optical control information 
equivalent to the detected status onto an optical 
signal and transmitting said optical signal, an opti- 
cal transmission medium (5) for transmitting said 
optical control information, a detection device (13) 5 
to detect said optical control information that is 
transmitted and a device to control the status of 
said optical signal according to the optica! control 
information that is detected. 

10 

7. An optical transmission system having a plurality of 
optical communication devices (1-4) connected by 
means of an optical transmission medium (5), and 
said optical transmission system comprising: a 
device (16) for detecting the optical signal power is 
within said optical transmission system, a device for 
multiplexing optical control information equivalent 

to the detected power onto an optical signal and 
transmitting said optical signal, an optical transmis- 
sion medium (5) for transmitting said optical control 20 
information, a detection device (13) to detect said 
optical control information that is transmitted and a 
device to control the power of said optical signal 
according to the optical control information that is 
detected. 25 

8. An optical transmission system having a plurality of 
optical communication devices (1-4) connected by 
means of an optical transmission medium (5), and 
said optical transmission system comprising: a 30 
device (16) for detecting the status of the optical 
signal within said optical transmission system, a 
device to modulate the optical intensity of the opti- 
cal control information equivalent to the detected 
status in order to transmit the modulated optical 35 
control information, a detection device (13) to 
detect said optical control information that is trans- 
mitted and a device to control the status of said 
optical signal according to the optical control infor- 
mation that is detected. 40 

9. An optical transmission system having a plurality of 
optical communication devices (1-4) connected by 
means of an optical transmission medium (5), and 
said optical transmission system comprising: a 45 
device (14) for detecting the optical signal power 
within said optical transmission system, a device to 
modulate the optical intensity of the optical control 
information equivalent to the power that is detected, 

a detection device (1 3) to detect said optical control so 
information that is transmitted and a device to con- 
trol the power of said optical signal according to the 
optical control information that is detected. 

10. An optical transmission system having a plurality of ss 
optical communication devices (1-4) connected by 
means of an optical transmission medium (5), and 
said optical transmission system comprising: a 



device (16) for detecting the status of the optical 
signal within said optical transmission system, a 
device (1 7) for transmitting the optical control infor- 
mation equivalent to the detected status with an 
optical wavelength different from the optical signal, 
a device (1 3) to detect the said optical control infor- 
mation that is sent, and a device to control the sta- 
tus of said optical signal according to said detected 
optical control information. 

1 1 . An optical transmission system having a plurality of 
optical communication devices (1-4) connected by 
means of an optical transmission medium (5), and 
said optical transmission system comprising: a 
device (14) for detecting the power of the optical 
signal within said optical transmission system, a 
device (1 7) for transmitting the optical control infor- 
mation equivalent to the detected power with an 
optical wavelength different from the optical signal, 
a device (1 3) for detecting said optical control infor- 
mation that is detected. 

12. An optical transmission system having a plurality of 
optical communication devices (1-4) connected by 
means of an optical transmission medium (5), and 
said optical transmission system comprising: a 
device (16) for detecting the status of the optical 
signal within said optical transmission system, a 
device (1 7) for transmitting optical control informa- 
tion equivalent to the detected status, a detection 
device (13) to detect said optical control information 
that is sent, and a device to control the status of 
said optical signal by said detected optical control 
information, wherein bidirectional transmission of 
said optical signals and optical control information 
is performed. 

1 3. An optical transmission system having a plurality of 
optical communication devices (1-4) connected by 
means of an optical transmission medium (5), and 
said optical transmission system comprising: a 
device (14) for detecting the power of the optical 
signal within said optical transmission system, a 
device (1 7) for transmitting the optical control infor- 
mation equivalent to the detected power with an 
optical wavelength different from the optical signal, 
a device (13) to detect the optical control informa- 
tion that is transmitted, and a device to control the 
power of the optical signal by said detected optical 
control information, wherein bidirectional transmis- 
sion of said optical signals and optical control infor- 
mation is performed. 

14. An optical transmission system having a plurality of 
optical communication devices (1-4) connected by 
means of an optical transmission medium (5); 
transmission and reception of optical signals is per- 
formed between end terminal units, and optical 
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amplification of optical signals is performed 
between end terminal units (1) and optical amplifier 
units (3) or between optical amplifier units, and said 
optical transmission system comprising: a device 

(16) for delecting the status of the optical signal 5 
within said optical transmission system, a device 

(17) for transmitting optical control information 
equivalent to the detected status, a detection 
device (13) to detect said optical control information 
that is sent, a device to control the status of said 10 
optical signal according to the optical control infor- 
mation that is detected. 

1 5. An optical transmission system for optical commu- 
nications devices and having a plurality of optical 15 
communication devices (1 -4) connected by means 
of an optical transmission medium (5), and said 
optical transmission system comprising: a power 
adjustment device to adjust the optical power, an 
optical signal input device to insert the adjusted 20 
optical signal into the optical transmission medium, 
an optical input detection device to detect the opti- 
cal signal power from the optical transmission 
medium, an optical control-information generating 
unit to generate information relating to the size of 25 
the detected optical power monitor value, an optical 
control information input device to input the gener- 
ated information into said transmission medium as 
optical control information, an optical control infor- 
mation input detection device to detect the optical 30 
control information from the transmission medium, 
and a control device to control the adjusted power 
from the optical power control unit to reach a spec- 
ified figure based on the detected information. 



16. A plurality of optical communication devices in opti- 
cal transmission system having either end terminal 
units (1) for performing transmission and reception 
of optical signals, or optical relay amplifier units (3) 
for performing optical amplification of optical sig- 40 
nals, and said optical transmission system compris- 
ing: a power adjustment device to adjust the optical 
power, an optical signal input device to insert the 
adjusted optical signal into the optical transmission 
medium, an optical signal input detection device to 45 
detect the power of the optical signal from the opti- 
cal transmission medium, an optical control -infor- 
mation generating unit to generate information 
relating to the size of the detected optical power 
monitor value, an optical control information input so 
device to input the generated information into said 
transmission medium as optical control information, 
an optical control information input detection device 
to detect the optical control information from the 
transmission medium, and a control device to con- 55 
trol the adjusted power from the optical power con- 
trol unit to reach a specified figure based on the 
detected information. 
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FIG. 2B 




29 



EP 0 917 313 A2 




30 



EP 0 917 313 A2 




31 



EP 0 917 313 A2 




32 



EP 0 917 313 A2 




33 



EP 0 917 313 A2 




34 



EP 0 917 313 A2 




35 



EP 0 917 313 A2 




36 



EP 0 917 313 A2 




37 




EP 0 917 313 A2 




38 



EP 0 917 313 A2 




EP 0 917 313 A2 




40 



EP 0 917 313 A2 




41 




42 



EP 0 917 313 A2 




43 



EP 0 917 313 A2 




45 




EP 0 917 313 A2 




47 



EP 0 917 313 A2 




48 




EP 0 917 313 A2 




49 




50 




EP 0 917 313 A2 



CO 




51 



EP 0 917 313 A2 



10 

CM 

CD 



5 

LU 

cc 

< 

< 
o 

o 



t 







p 

c 

1 

CO 


I 


/ 

c 





CO 



it 



52 




EP 0 917 313 A2 



CO 
CM 

CO 




CO 



o 



E 
e 

in 



s 



CO 

in 



o 
in 



5 



9 



8 



53 




54 




55 



EP 0 917 313 A2 




56 



EP 0 917 313 A2 




CO 







fa 




CD 

si 


J. 


1° 



o 

LU 



. CO 



s 

o 




57 



EP 0 917 313 A2 








00 






i- 



az 
o 



.egg 



Si 



o 
cc 

0_i 
zo 

_JCL 
<Q0C 

oouj 

0-tO 

oSq. 




TT 



TT TT TT TT TT 



58 



EP 0 917 313 A2 



# 



END TERMINAL 



FIG. 32A 

^1200 #S 



END TERMINAL 







1 


u1 ,u2...u16 


3 




3 


OPTICAL 
AMP RELAY 




4 




13. 14 






16, 19 






v1' ,v2' ...V16 1 




OPTICAL 

AMP 

RELAY 




uV ,u2' ...u16' 






J 

100#S ; 




i^100^S 
f 




16. 19 






13, 14 














v1 f v2...v16 















END TERMINAL 



^1200/^S 

FIG. 32B 

^1200 (iS 




14 




19 


■ 



OPTICAL 
AMP 
RELAY 



END TERMINAL 



A' ,B* 



19 



^100 /zS 



13 



^ 400 u S OPTICAL AMP RELAY - 800 (jl S 



FIG. 32C 



OPTICAL AMP RELAY 



63,64 



£1/uS 
jA+B+C), (D) 



12,14 



[(D)/(A+B+C)]' 

' ^ibo jTs 



f 

* 

• # 

EP 0 917 313 A2 



FIG. 33 




A 1530 32 34 36 38 40 42 44 46 



AC B 



±2.0dB 



A 1530 32 34 36 38 40 42 44 46 



AC B 



60 




EP 0 917 313 A2 



FIG. 34 




X 1530 32 34 36 38 40 42 44 46 



AC B 



±2.0dB 



X 1530 32 34 36 38 40 42 44 46 



AC B 



61 



